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Chapter 1 

INTRODUCTION 

I. Introduction 
The subject of this Biological Opinion (Opinion) is the operation of 12 Federal projects in the 
upper Snake River basin over the next 30 years.  The Bureau of Reclamation (Reclamation) 
requested formal consultation and provided the U.S. Fish and Wildlife Service (Service) with 
a Biological Assessment (2004a) for its projects on November 30, 2004.  This request was 
made pursuant to section 7 of the Endangered Species Act (Act).  The Assessment (2004a) 
described Reclamation’s proposed action for operation and routine maintenance activities at 
the Minidoka Project in Wyoming and Idaho; the Boise, Lucky Peak, Little Wood River, 
Mann Creek, Michaud Flats, Palisades, and Ririe Projects in Idaho; and the Baker, Burnt 
River, Owyhee, and Vale Projects in Oregon.  Reclamation described these 12 projects in 
11 separate proposed actions defined by operational coordination, authorization, or 
geographic location.  In this Opinion, the Service considers the proposed action in composite 
over a 30-year period to analyze the aggregate impacts of all project operations on each listed 
species that may be affected within the action area.  As such, this document is organized by 
species. 

Chapter 2 of this Opinion organizes background information on operational procedures, a 
description of each project, and descriptions of Reclamation’s proposed operations by river 
system beginning at the upstream end of the Snake River.  In these descriptions, the Service 
primarily used Reclamation’s Operations Description for Bureau of Reclamation Projects in 
the Snake River Basin above Brownlee Reservoir (Reclamation 2004b), the Biological 
Assessment for Bureau of Reclamation Operations and Maintenance in the Snake River Basin 
Above Brownlee Reservoir (Reclamation 2004a), and supplemental information provided by 
the action agency (Reclamation, in litt., 2005a, 2005b, 2005c).  Figure 1 shows the locations 
of the major facilities.  Table 1 lists the storage facilities included in this analysis. 

Further, the Service used Reclamation’s Upper Snake River MODSIM model, Pisces 
interface software, and supplemental information provided by Reclamation (in litt., 2005a, 
2005b) to determine a range of reservoir and streamflow conditions that may occur during 
different periods throughout a given year.  The model outputs are monthly averages and must 
therefore be interpreted with caution because they may not fully account for daily extremes.  
These descriptions include some summary statistics, but the Service recognizes that daily 
high and low flows may be more appropriate for determining effects on listed species.  
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Unless otherwise noted, the reservoir storage and stream gauge measurements presented in 
Chapter 2 reflect average monthly data.  The Opinion incorporates daily flow statistics and 
hydrologic conditions where available and appropriate. 

Regulations for section 7 of the Act define the action area as all areas that the proposed 
Federal action may affect directly or indirectly and not merely the immediate area involved 
in the action (50 CFR §402.02).  The Service defines the action area to include the upstream 
extent of Jackson Lake on the mainstem Snake River (RM 988.9), the upstream extent of 
Henry’s Lake on the Henrys Fork (RM 117.4), downstream on the mainstem Snake River to 
its confluence with the Columbia River, and continuing in the Columbia River to its estuary.  
The action area also includes several Snake River tributaries in Idaho and Oregon 
downstream from locations where Reclamation has facilities.  These include the Boise, 
Payette, Burnt, Owyhee, Malheur, Little Wood, Weiser, and Powder River basins, and the 
Willow Creek basin (see Figure 1).  Reclamation does not operate any physical structures on 
the Snake River below Brownlee Dam (RM 285) or on the Columbia River downstream from 
its confluence with the Snake River.  The action area also includes the irrigated acreage 
receiving Reclamation project water and associated drainage systems, lands, and waterways 
affected by irrigation return flows. 

In chapters dealing with individual species, the Service provides further information on the 
proposed action where it is specifically relevant to potential effects to that species. 

Reclamation has not proposed conservation measures for fish and wildlife resources under 
the proposed action.  Therefore, the Service will not consider any in this analysis. 

II. Background 

A. Project Authorizations 

The Congress or the Secretary of the Interior authorized most of the projects and facilities in 
this consultation for the single purpose of irrigation.  However, some were authorized for the 
dual purpose of irrigation and the operation for power or flood control, or for multi-purposes, 
with irrigation as the dominant authorized operating function.  Hydroelectric power 
generation, recreation, and fish and wildlife functions are secondary or incidental to the 
irrigation water supply and flood control because water is generally not released specifically 
for those purposes.  Some project facilities may be used for recreation and fish and wildlife 
purposes.  Other specific Federal and State laws require consideration of environment, fish 
and wildlife conservation, and other factors in the operation of the system. 

The U.S. Army Corps of Engineers (Corps) is responsible for the operation of Corps dams, 
and through the Flood Control Act of 1944, is the responsible Federal agency for developing 
flood control rules and for oversight of flood control at all reservoirs constructed with 
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Table 1.  Federal storage facilities included in Reclamation’s proposed action. 

Storage Facility 1 Stream and River 
Mile 

Active 
Capacity 2 

(acre-feet) 

Powerplant
Owner 

Operating and Maintaining 
Entity 

Minidoka Project 
Jackson Lake Dam  Snake River 988.9 847,000 No powerplant Reclamation 
Grassy Lake Dam  Grassy Creek 0.5 15,200 No powerplant Fremont-Madison Irrigation District 
Island Park Dam  Henry Fork 91.7 135,205 Non-Federal  Fremont-Madison Irrigation District 
American Falls Dam  Snake River 714.0 1,672,590 Non-Federal  Reclamation 
Minidoka Dam  Snake River 674.5 95,200 Reclamation  Reclamation 

Palisades Project 
Palisades Dam  Snake River 901.6 1,200,000 Reclamation  Reclamation 

Ririe Project 
Ririe Dam Willow Creek 20.5 80,541 No powerplant Reclamation 

Little Wood River Project 
Little Wood River Dam 3 Little Wood River 78.8  30,000 Non-Federal  Little Wood River Irrigation District 

Owyhee Project 
Owyhee Dam  Owyhee River 28.5 715,000 Non-Federal  Owyhee Irrigation District 

Boise Project 
Anderson Ranch Dam  S.F. Boise River 43.5 413,074 Reclamation  Reclamation 
Arrowrock Dam  Boise River 75.4 272,224 No powerplant Reclamation 
Hubbard Dam New York Canal 1,177 No powerplant Boise Project Board of Control 
Deer Flat Dams New York Canal 159,365 No powerplant Boise Project Board of Control 
Deadwood Dam  Deadwood River 18.0 153,992 No powerplant Reclamation 
Cascade Dam  N.F. Payette River 38.6 646,461 Non-Federal  Reclamation 

Lucky Peak Project 
Lucky Peak Dam 4 Boise River 64.0 264,371 Non-Federal  Army Corps of Engineers 

Vale Project 
Warm Springs Dam 5 Malheur River 114.0 169,714 No powerplant Warmsprings Irrigation District 
Agency Valley Dam  N.F. Malheur River 15.0 59,212 No powerplant Vale Oregon Irrigation District 
Bully Creek Dam  Bully Creek 12.5 23,676 No powerplant Vale Oregon Irrigation District 

Mann Creek Project 
Mann Creek Dam  Mann Creek 13.2 10,900 No powerplant Mann Creek Irrigation District 

Burnt River Project 
Unity Dam  Burnt River 63.6 24,970 No powerplant Burnt River Irrigation District 

Baker Project 
Mason Dam  Powder River 122.0 90,540 No powerplant Baker Valley Irrigation District 
Thief Valley Dam  Powder River 70.0 13,307 No powerplant Lower Powder River Irrigation District 

1 Reclamation owns all facilities unless otherwise indicated. 
2 Active capacity is the volume of storage space that can be filled and released for specific purposes. 
3 The Little Wood River Irrigation District owns the Little Wood River Dam. 
4 The Army Corps of Engineers owns Lucky Peak Dam; Reclamation administers water service and repayment contracts for 

irrigation. 
5 Reclamation has a one-half interest in Warm Springs Reservoir and associated storage. 
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Federal funds since 1944.  Flood control operations may be formal or informal.  Formal flood 
control means that Reclamation developed flood control procedures in cooperation with the 
Corps.  Reclamation and the Corps cooperatively develop forecasts that are used with the 
rule curves to identify the required volume of flood control space.  The Corps has the 
ultimate authority to implement the resulting flood control rule curves.  Informal flood 
control means that Reclamation independently developed procedures to serve as a guideline 
in providing flood control benefits below a Reclamation reservoir. 

B. Hydrologic Seasons and Operations 

Reclamation defines the operations for irrigation and flood control in three main periods 
throughout the water year (October 1 through September 30): 

• November through March - Maintenance Period 
• April through July - Flood Control and Refill Period 
• August through October - Drawdown Period 

The actual beginning and ending dates for these operational periods vary with the climate and 
water supply conditions of individual years.  For example, the beginning of a reservoir’s 
drawdown period that might typically occur in August may begin in late May if the reservoir 
doesn’t refill in a given year.  These periods also vary with elevation and location as 
reservoirs deliver water to downstream water users. 

Storing water is the primary purpose of reservoir operations during the maintenance period.  
However, the dam’s operators may release water during this period to allow capacity in 
the reservoir for flood control or to maintain minimum streamflows.  During the flood 
control and refill period, reservoir storage is continuously adjusted using runoff forecasts to 
refill the reservoirs while ensuring capacity for flood control as necessary.  Downstream 
irrigation demands may begin during this period, but natural river flows can usually meet 
these demands.  During the drawdown period, water is released from storage to meet 
irrigation demands or to provide the required volume of flood control space anticipated for 
the upcoming months.  In river basins with multiple storage facilities, operators coordinate to 
hold water as high in the system as possible during the drawdown period and to release water 
from reservoirs with the highest refill potential. 

C. Snake River Basin Adjudication 

The Snake River Basin Adjudication, which began in 1987, is a court-ordered inventory of 
all surface and ground water rights in the Snake River basin within the State of Idaho.  In 
accordance with the adjudication process, the Nez Perce Tribe filed a variety of claims to 
water rights within the basin based on their reserved treaty rights to hunt, gather, and graze 
livestock on open and unclaimed lands, and to harvest fish in all usual and accustomed 
places.  Among these claims, the Nez Perce Tribe claimed water rights for instream flows to 
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protect their treaty-reserved fishing rights.  The State of Idaho and some water users 
contested these claims because the claims could have affected their water rights. 

In 1998, the judge hearing the adjudication claims ordered all parties to the Snake River 
Basin Adjudication to mediate their disputes, and negotiations to resolve instream flow water 
right claims have been ongoing.  The United States, the Nez Perce Tribe, the State of Idaho, 
the Idaho Power Company (Idaho Power), and water users throughout the Snake River basin 
within Idaho have participated in settlement negotiations.  Idaho Power eventually withdrew 
from negotiations.  In May 2004, the other parties announced a framework for a proposed 
settlement agreement (Nez Perce Settlement Agreement).  The Nez Perce Settlement 
Agreement (2004) includes settlement provisions for three components related to water right 
claims in the Snake River basin within Idaho:  the Salmon/Clearwater River forestry 
component, the Salmon/Clearwater River flow component, and the Snake River flow 
component.  The Salmon/Clearwater River forestry and flow components address forest 
management practices on private and State lands in the Salmon/Clearwater drainages as well 
as instream flow rights for fish.  The Snake River flow component deals specifically with 
flow augmentation from the upper Snake River basin for anadromous fish in the Snake and 
Columbia Rivers downstream from Hells Canyon Dam.  Reclamation has included these 
provisions in the proposed action under consideration in this Opinion.  At the time this 
Opinion was being completed, efforts were concluding among the parties toward final 
approval of the Agreement. 

D. Flow Augmentation for Salmon 

Reclamation annually releases water from the upper Snake River basin to augment flows for 
juvenile salmon migration below Hells Canyon Dam.  National Marine Fisheries Service 
(NOAA Fisheries) Biological Opinions on Reclamation operations in the upper Snake River 
basin since 1993, including the most current Opinion completed in 2002, have required that 
Reclamation provide up to 427,000 acre-feet annually to aid the out-migration of ESA-listed 
salmon and steelhead.  This volume of water, released from the upper Snake River system 
above Milner Dam, and the Boise, Payette, Lemhi, and Malheur River systems, is used to 
help meet NOAA Fisheries flow target objectives at Lower Granite and McNary Dams on the 
Snake and Columbia Rivers.  The juvenile salmon migration period generally occurs between 
April 3 and August 31, but it may vary with runoff conditions.  Reclamation usually begins 
releasing augmentation flows in late June when natural flows recede; in dry years, 
Reclamation may begin releases in April or May.  The NOAA Fisheries Biological Opinion 
requires that all augmentation flow water be delivered past Brownlee Dam by August 31 to 
coincide with the salmon migration period. 

Reclamation proposes to obtain up to 487,000 acre-feet of salmon flow augmentation water 
primarily from uncontracted space, water rental pools, natural flows, and powerhead space.  
Table 2 shows the volumes and sources of water that Reclamation has provided for salmon 
flow augmentation since 1991. 
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Uncontracted space is space in Reclamation’s reservoirs that is not already under contract to 
a specific user.  Uncontracted space may be administratively assigned to mitigation, 
conservation pools, reservoir evaporation, streamflow maintenance, or salmon flow 
augmentation.  Reclamation has also reacquired reservoir space specifically for salmon flow 
augmentation; reacquired space is treated as uncontracted space. 

Because the available uncontracted space is not sufficient to provide up to 487,000 acre-feet 
of augmentation flows, Reclamation purchases additional water from rental pools or leases 
natural flow water rights when they are available, usually on an annual basis.  Rental pools 
allow spaceholders to offer water for rent to others.  Local water rental pool organizations 
determine local water rental pool rules and prices, which the Idaho Water Resources Board 
must then approve.  The watermaster administers the local water rental pool.  Reclamation 
annually requests water through a particular rental pool’s watermaster; the volume they 
obtain varies with water availability and rental rates.  Reclamation may rent water from the 
Water District 01 (Snake River above Milner Dam), Water District 63 (Boise River), Water 
District 65 (Payette River), and Shoshone-Bannock Tribal water bank rental pools.  In 
drought years or years of low carryover, there may not be sufficient water available in the 
rental pools to fully meet the salmon flow augmentation level of up to 487,000 acre-feet. 

Reclamation also uses natural flow rights to help meet their flow augmentation targets.  They 
have purchased and have permanent control of 17,649 acre-feet of natural flow rights in the 
Malheur River, with supplemental rights in the Snake River.  Reclamation will rent or 
acquire consumptive natural flow water rights in the Snake River between Milner and Swan 
Falls Dams (high-lift pumpers) during the salmon flow augmentation period. 

As a last resort to increase the reliability of providing 427,000 acre-feet, Reclamation can use 
powerhead space from Anderson Ranch (up to 36,956 acre-feet) and Palisades Reservoirs (up 
to 78,500 acre-feet).  Powerhead space is storage space that must be filled to provide the 
necessary water surface elevation to generate hydroelectric power at a facility. 

The Nez Perce Settlement Agreement (2004) contemplates specific additional guidance and 
requirements for the delivery of flow augmentation water from the upper Snake River basin 
that differs from existing augmentation practices.  Upon operational implementation of the 
Nez Perce Settlement Agreement provisions, Reclamation will be allowed to rent or acquire 
up to 60,000 acre-feet of consumptive natural flow water rights from the Snake River 
between Milner and Swan Falls Dams (mostly from high-lift pumpers) during the April-to-
August augmentation period.  This provision increases the total volume of water available for 
flow augmentation to a maximum of 487,000 acre-feet. 

The Nez Perce Settlement Agreement (2004) also calls for a separate agreement for the 
timing of salmon flow augmentation water passing Milner Dam (RM 639.1).  The 
mechanisms by which salmon flow augmentation will occur under the proposed action are 
described in the following sections on operations in the South Fork of the Snake River, 
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mainstem Snake River below the Henrys Fork confluence, Boise River, Malheur River, and 
Payette River systems. 

III. Consultation History 
The Service has been engaged with Reclamation in the development of materials and 
information necessary for initiation of formal consultation for over a year.  During that time, 
we provided correspondence to Reclamation on a number of issues, including those related to 
potential effects on listed species.  Following is a summary of correspondence, meetings, and 
other actions specifically relevant to our consultation with Reclamation and the development 
of this Opinion.  A complete administrative record of this consultation is on file at the 
Service’s Snake River Fish and Wildlife Office in Boise, Idaho. 

October 15, 1999 The Service issued a Biological Opinion on Reclamation’s 
operations in the upper Snake River basin upstream of Lower 
Granite Dam.  The Opinion addressed operations through 
December 31, 2004. 

December 17, 2003 The Service sent an e-mail to Reclamation recommending 
initiation of informal consultation and discussions of timelines and 
procedures for the Bureau of Reclamation’s upper Snake River 
basin operations consultation. 

February 26, 2004 Reclamation provided the Service with their document entitled 
Operations description for Bureau of Reclamation projects in the 
Snake River basin above Brownlee Reservoir.   

February 26, 2004 Reclamation provided a species list that they developed for the 
upper Snake River operations consultation to the Service and 
requested verification of the list. 

February 26, 2004-
November 30, 2004 

Service and Reclamation technical staff met as often as weekly 
during this period to discuss process for development and content 
of the Biological Assessment for the Bureau of Reclamation’s 
upper Snake River basin operations consultation.  Service and 
Reclamation managers met regularly during this period to discuss 
process and timelines and to provide guidance to technical staff on 
issues of disagreement. 

March 3, 2004 The Service provided verification of Reclamation’s species list 
with corrections. 
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April 20, 2004 The Secretary of the Department of the Interior signed a 
framework for a Nez Perce Tribe settlement agreement under the 
Snake River Basin Adjudication (SRBA).  A component of this 
framework included the Bureau of Reclamation’s upper Snake 
River basin operations and defined the term of the proposed action 
(30 years) and the deadline for completing the consultation 
(March 31, 2005). 

June 8, 2004 The Service, the National Marine Fisheries Service (NOAA 
Fisheries) and Reclamation met to discuss their operations in the 
upper Snake River basin and the proposed action and consultation 
framework as modified by the Nez Perce settlement agreement. 

August 16, 2004 The Service provided Reclamation with a memorandum 
documenting substantive comments on the draft proposed action 
section of the Biological Assessment. 

August 26, 2004 The Service provided Reclamation with a memorandum 
documenting substantive comments on the draft effects sections of 
the Biological Assessment. 

August 30, 2004 Reclamation requested updated verification of the species list they 
developed for the upper Snake River operations consultation. 

September 28, 2004 The Service provided Reclamation verification of their species list 
for the upper Snake River operations consultation. 

October 29, 2004 Reclamation provided a draft Biological Assessment for their 
operations in the upper Snake River basin and requested comment 
from the Service. 

November 19, 2004 Reclamation requested an extension to the October 1999 
Biological Opinion on upper Snake River basin operations, which 
expired on December 31, 2004. 

November 23, 2004-
December 13, 2004 

The Service requested and Reclamation provided additional 
hydrologic information regarding the proposed action description. 

November 30, 2004 Reclamation provided a final Biological Assessment and requested 
initiation of formal consultation with the Service for its operations 
in the upper Snake River basin. 
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November 30, 2004 The Service granted Reclamation extension on the October 1999 
Biological Opinion for upper Snake River basin operations.  We 
indicated that the existing opinion would remain in effect until a 
new Biological Opinion was completed. 

December 15, 2004-
March 31, 2005 

Service and Reclamation managers met weekly to discuss progress 
on the Service’s Biological Opinion and to provide direction to 
technical staff. 

December 29, 2004 Dr. Terrence Frest identified snail shells that were collected below 
Minidoka Dam from 1995 to 1997 by Reclamation contractors as 
shells from the endangered Snake River physa snail. 

January 3, 2005-
March 15, 2005 

The Service coordinated with Reclamation to determine the 
significance of the recently identified Snake River physa 
specimens below Minidoka Dam.  The Service and Reclamation 
agreed to a framework for addressing issues related to Snake River 
physa, and Reclamation agreed to amend its proposed action to 
address concerns related to Snake River physa snails to incorporate 
that strategy into its proposed action. 

January 19, 2005-
March 10, 2005 

The Service provided draft chapters of the Biological Opinion to 
Reclamation for review and comment. 

January 27, 2005 Reclamation submitted a supplement to their Biological 
Assessment addressing effects of the proposed action on Snake 
River physa.  They determined that the proposed action was not 
likely to adversely affect the Snake River physa snail. 

February 7, 2005 Reclamation provided additional information via electronic mail 
regarding hydrologic operations at Reclamation facilities where 
bull trout are present; this replaced information provided in the 
November 30, 2004, Biological Assessment and constituted new 
information for consideration in the Opinion. 

February 7, 2005 Reclamation provided new proposed action descriptions for 
operations at American Falls Dam, Minidoka Dam, and in the 
Boise and Payette River systems.  This replaced information 
provided in the November 30, 2004, Biological Assessment and 
constituted new information for consideration in the Opinion. 
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February 9, 2005 The Service sent a letter to Reclamation initiating formal 
consultation for their upper Snake River basin operations, stating 
that we would provide a final Biological Opinion by March 31, 
2005, consistent with the terms of the SRBA agreement.  The 
Service notified Reclamation that we did not concur with their 
determination that the proposed action was not likely to adversely 
affect the Snake River physa snail, Bliss Rapids snail, Idaho 
springsnail, and bald eagle, and that we would complete 
section 7(a)(2) analysis for these species. 

March 16, 2005 The Service met with Reclamation to provide a draft Biological 
Opinion. 

March 16, 2005-
March 25, 2005 

The Service and Reclamation engaged in numerous meetings, 
conference calls, and exchange of information via electronic mail 
regarding the draft Biological Opinion.  Reclamation provided 
detailed comments on each chapter of the document via electronic 
mail.  The Service reviewed the comments and provided 
Reclamation with revised chapters.  In addition, meetings and 
conference calls were held discussing and revising Reasonable and 
Prudent Measures and Terms and Conditions of the Opinion. 

March 22, 2005 Reclamation provided a letter to the Service amending amended 
their November 30, 2004, Biological Assessment.  The amendment 
added an additional proposal to the proposed action to address 
concerns related to the conduct surveys for Snake River physa in 
the area below Minidoka Dam and evaluate the effects of 
operations on the species. 

March 25, 2005 Reclamation provided a letter to the Service via facsimile outlining 
their comments on the Service’s draft Biological Opinion, 
including those comments previously exchanged via electronic 
mail.  Reclamation documented one outstanding issue regarding a 
Term and Condition on the Deadwood River. 

IV. Concurrence 
Reclamation determined, and the Service concurs, that the proposed action may affect but is 
not likely to adversely affect the Idaho springsnail (Pyrgulopsis idahoensis).  Our 
concurrence is based primarily on the fact that the most upstream location of this species 
(RM 553) is more than 86 miles downstream from Milner Dam, and that this species does not 
seem to be limited in its distribution in the mainstem Snake River within its range. 
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The depletion of all flows in the Snake River at Milner Dam for at least a portion of most 
years will continue to create water quality conditions in the Snake River downstream that do 
not adequately support cold-water biota.  However, 5 major hydropower facilities (Shoshone 
Falls, Upper Salmon Falls, Lower Salmon Falls, Bliss, C.J. Strike) and the significant input 
of water at the Thousand Springs Preserve, other springs, and the Malad River attenuate the 
effects of water depletion at Milner Dam to the point that they are not distinguishable for the 
Idaho springsnail.  Water quality in the Snake River is affected by inflow of the Boise and 
Payette Rivers (RM 392 and 365, respectively).  However, the Idaho springsnail occurs 
throughout the mainstem Snake River in this reach, and it is not known what effect, if any, 
water quality has on the distribution of this species.  Based on these factors, the Service 
anticipates that Reclamation’s operations will not have measurable effects on the Idaho 
springsnail and will not likely adversely affect the species. 

V. Climate 
Annual precipitation and other weather conditions play a large part in determining 
Reclamation’s operations.  Reclamation’s proposed action, and the Service’s section 7(a)(2) 
analysis of their effects on listed species, used models that rely on historical weather-related 
data from the years 1928 to 2000.  The time period encompasses a wide array of weather and 
precipitation conditions.  Using that information, Reclamation projected a range of possible 
project operations and predicted the frequency with which they are likely to occur.  This 
approach assumes that future conditions will be similar to past conditions, which may not be 
the case.  Many scientists have concluded that global climate change is occurring, and that 
the future conditions will not be within the range of variability of the past century.  
Numerous studies are available (e.g., Barnett et al. 2004, Stewart et al. 2004,  Payne et al. 
2004, Leung et al. 2004, and Cayan et al. 2001) that predict and describe ongoing and future 
climate change and its potential effects on water resources in the western United States, 
potentially including the action area. 

It is reasonable to use historical weather information for this analysis because it is not 
possible to predict what climatic changes will occur over the next 30 years or how those 
changes may affect Reclamation’s operations in the upper Snake River basin.  This approach 
is limited, however, because future climate changes may result in conditions that necessitate 
changes to water resource management.  It is possible that over the period this action is 
implemented, because of such changes, Reclamation project operations will be different that 
what has been modeled for purposes of this Opinion.  If that is the case, the effects of the 
action may be different than what Reclamation and the Service have anticipated in this 
consultation.  If this is the case, or if better predictive knowledge on climate change is 
developed, this Opinion and its analyses and conclusions should be revisited, and the 
agencies should work together to determine whether consultation should be reinitiated. 
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VI. Reinitiation Notice 
This Opinion is the product of formal consultation on Reclamation’s continued operations in 
the upper Snake River basin above Brownlee Reservoir in Wyoming, Idaho, and Oregon.  As 
provided in 50 CFR §402.16, reinitiation of formal consultation is required where 
discretionary Federal agency involvement or control over the action has been maintained (or 
is authorized by law) and if:  (1) the amount or extent of incidental take is exceeded; (2) new 
information reveals effects of the agency action that may affect listed species or critical 
habitat in a manner or to an extent not considered in this opinion; (3) the agency action is 
subsequently modified in a manner that causes an effect to the listed species or critical 
habitat that was not considered in this opinion; or (4) a new species is listed or critical habitat 
designated that may be affected by the action.  In instances where the amount or extent of 
incidental take is exceeded, any operations causing such take must cease pending reinitiation. 

VII. Consultation with American Indian Tribes 
The June 5, 1997, Secretarial Order entitled “American Indian Tribal Rights, Federal-Tribal 
Trust responsibilities, and the Endangered Species Act” requires that the Service consult with 
Tribal governments during consultation under section 7 of the Act.  During the informal and 
formal phases of section 7 consultation for Reclamation’s operation of its upper Snake River 
projects, the Service met at the technical level with representatives of the Nez Perce, Burns 
Paiute, Shoshone Paiute, and Shoshone Bannock Tribes (August 10, 2004, meeting with Nez 
Perce Tribe; February 15 meeting with the Shoshone Bannock Tribe; March 2, 2004, 
conference call with all four tribes; March 23, 2004, meeting with Burns Paiute, Shoshone 
Bannock, and Shoshone Paiute Tribes).  In addition, over the course of this consultation, 
government-to-government consultation was conducted with the Shoshone Paiute Tribe 
during monthly Wings and Roots meetings.  The Service has requested government-to-
government consultation with the Nez Perce and Shoshone Bannock Tribal leadership.  To 
date, the parties have been unable to arrange meetings, but the effort continues. 

During implementation of terms of this Opinion, the Service expects and is committed to 
continue coordination with the Tribes, both at the technical and government-to-government 
level.  Tribal representatives have expressed interest in direct involvement in work associated 
with listed species as it relates to implementation of Reclamation’s operation of projects in 
the upper Snake River basin.  Service expectations for Tribal involvement are documented in 
Conservation Recommendations in subsequent chapters of this Opinion. 
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Chapter 2 

DESCRIPTION OF THE PROPOSED ACTION 

The following sections describe how Reclamation proposes to operate its projects in the 
Snake River and its tributaries.  Many components of the proposed action are similar to how 
Reclamation currently operates its facilities.  This description includes summary hydrographs 
at some locations that describe the modeled range of operations anticipated and that support 
species-specific analyses in the species chapters. 

Summary hydrographs depict the entire range of modeled proposed action flows and storages 
for the period.  Data from each month for each year were ranked and the maximum, 
minimum, and median values were plotted.  It is important to note that the plots do not 
represent a single modeled year, but rather, they are a composite of the records for each 
individual month.  The modeled period used in this analysis was from 1928 through 2000. 

I. Operations on the South Fork of the Snake River 
The proposed action includes the storage in and release of water from Jackson Lake Dam and 
Lake and Palisades Dam and Reservoir.  It also includes hydroelectric power generation at 
the Palisades Powerplant.  Jackson Lake Dam and Lake are part of the Minidoka Project, 
which is authorized for irrigation and hydroelectric power.  Palisades Dam, Reservoir, and 
Powerplant are part of the Palisades Project, which is authorized for irrigation, hydroelectric 
power, flood control, recreation, and fish and wildlife conservation.  The proposed action 
also includes providing salmon flow augmentation water to Brownlee Reservoir using 
uncontracted storage water from Jackson Lake and Palisades Reservoir and using powerhead 
space in Palisades Reservoir.  Table 2 in Chapter 1 on page 7 shows past releases from the 
South Fork of the Snake River system for flow augmentation; these will likely continue, with 
some modifications described below, under the proposed action. 

A. Jackson Lake Dam and Lake 

Jackson Lake Dam was originally completed at the outlet of a large natural lake on the Snake 
River (RM 988.9) in 1907; it partially failed in 1911 and was rebuilt the same year.  It was 
raised further in 1916 and again reconstructed in 1989.  The total active storage capacity is 
847,000 acre-feet, though there is an unmeasured volume of dead space (the total storage of 
the natural lake that could be as much as 2 million acre-feet). 
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Figure 2 shows summary hydrographs depicting the range of Reclamation’s proposed 
operation of Jackson Lake and Dam.  Reclamation will store Jackson Lake inflow until it 
reaches full pool (or its maximum volume if the water supply is insufficient).  Reclamation 
will release storage water as needed to meet downstream irrigation demands.  The target 
refill at Jackson Lake will generally be mid-May to July 1 and will vary with snow 
conditions.  Reclamation will re-regulate water released from Jackson Lake in Palisades 
Reservoir, approximately 96 river miles downstream. 

Reclamation will operate Jackson Lake for flood control in coordination with Palisades 
Reservoir.  Reclamation will maintain 25 percent of the total flood control space required 
through the winter under the joint flood control rule curves in Jackson Lake.  Irrigation 
deliveries and winter flows will usually be sufficient to provide the required flood control 
space.  The maximum daily average flood control releases (from June to July) was around 
11,500 cfs during a very wet year and around 6,200 cfs during an average year.  These 
maximum releases will generally occur in early to mid-June before tapering off to irrigation 
release levels.  There will be no releases for flood control in some years. 

After the flood control period, irrigation releases will begin, usually in late June or July.  
Reclamation predicts that in 50 percent of years, flows will exceed 2,400 cfs for the July 
through September period.  In this same period, flows will exceed 1,500 cfs in 95 percent of 
years.  The minimum average monthly release during this period will be 976 cfs in August.  
In 50 percent of years, the reservoir may be drafted to 635,000 acre-feet active storage by 
October, whereas the minimum active storage volume may be 0 acre-feet in the lowest 
1 percent of years.  Reclamation’s Assessment predicts minimum average monthly outflows 
will not drop below 273 cfs.  There are no ramping requirements for flow changes at Jackson 
Lake Dam. 

B. Palisades Dam and Reservoir 

Palisades Dam is on the Snake River about 7 miles west of the Idaho-Wyoming border 
(RM 893.2) and was completed in 1957.  Reclamation owns and operates a powerplant at the 
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Summary Hydrograph for Jackson Lake Dam Outflow
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Figure 2.  Summary hydrographs of Reclamation’s proposed action for Jackson Lake active storage 
and Jackson Lake Dam outflow (Reclamation 2004a). 
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dam, which was uprated in 1994 and has a capacity of 176,600 kilowatts (kW).  The 
Caribou-Targhee National Forest manages lands surrounding Palisades Reservoir.  Total 
active storage at Palisades Reservoir is 1.2 million acre-feet, which does not include 
44,000 acre-feet dead and 157,000 acre-feet inactive storage. 

Figure 3 shows summary hydrographs depicting the range of Reclamation’s proposed 
operation of Palisades Dam and Reservoir.  In dry years, maximum refill for the year may be 
reached earlier, and total fill may not occur.  Reclamation will maintain 75 percent of the 
total flood control space required under the joint flood control rule curves with Jackson Lake 
in Palisades Reservoir to limit the Snake River flow at the Heise gauge.  In 50 percent of 
years, average monthly flood control releases in June will be around 14,500 cfs with the 
average monthly release ranging between 8,100 and 30,200 cfs.  The official National 
Weather Service flood stage at the Heise gauge is 24,500 cfs.  Since 1957, this level has been 
reached, on average, in 1 of 8 years. 

During the irrigation season, Reclamation will release water past Palisades Dam to meet 
operational target flows at specific points measured at gauges downstream on the Snake 
River.  Reclamation will coordinate the target flows with the Water District 01 Watermaster 
and will set monthly goals.  Peak irrigation releases will usually be 11,000 to 13,500 cfs, 
although releases will be reviewed and adjusted daily during the irrigation season.  
Reclamation will adjust target flows to meet irrigation demand and to maintain a flow of 
about 1,000 cfs in the Snake River near the Blackfoot gauge (RM 750.1).  At the beginning 
and end of the irrigation season, Reclamation will monitor flows in the Snake River near the 
Lorenzo gauge (RM 837.9) to ensure 500 to 1,000 cfs remain in the river to avoid dewatering 
river reaches downstream.  Water released from Palisades Reservoir requires 8 hours to 
travel to the Heise gauge (about 40 miles), 24 hours to pass Shelley (about 105 miles), and 
72 hours to reach American Falls Reservoir (about 175 miles) during the irrigation season. 

Reclamation may use up to 78,500 acre-feet of powerhead storage space from Palisades 
Reservoir for flow augmentation during the summer months, which may decrease the 
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Summary Hydrograph for Palisades Dam Outflow
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Figure 3.  Summary hydrographs of Reclamation’s proposed action for Palisades Reservoir storage 
(this graphic includes 200,000 acre-feet of inactive space) and Palisades Dam outflow 
(Reclamation 2004a). 
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potential for refill in subsequent years.  In 50 percent of years, Palisades Reservoir will 
exceed 1,036,000 acre-feet of storage; it will exceed 140,000 acre-feet of storage in 
99 percent of years.  Its minimum storage will be as low as 118,000 acre-feet. 

Reclamation will determine winter releases at Palisades Dam using carryover conditions and 
inflows at Jackson Lake, Palisades Reservoir, and American Falls Reservoir.  Reclamation 
will determine minimum winter releases below Palisades Dam in early November and will 
generally maintain them throughout the winter.  Typical minimum winter flows will be at or 
above 1,000 cfs in most water years.  In the driest years, flows will not drop below 900 cfs.  
Above-average water years may require increased winter releases to provide additional flood 
control space.  There are no ramping requirements for flow changes at Palisades Dam. 

In 2000, Reclamation initiated a study to analyze Palisades Reservoir operations from an 
ecological perspective.  The Ecologically Based Systems Management (EBSM) project 
identified those operations that would support the long-term ecological function of the Snake 
River below Palisades Dam and would more closely mimic the natural hydrograph of the 
system.  In the study’s final report, Hauer et al. (2004) identified operational 
recommendations under four hydrologic year types:  ultra-wet, wet, moderate, and dry.  
These recommendations will serve as guidelines for Reclamation operations at Palisades 
Reservoir in the future; however, they are not rules and will only be implemented when 
possible.  Implementation of the EBSM recommended operations would not result in water 
conditions outside the modeled range of conditions under the proposed action 
(Reclamation 2004a); therefore, the Service will not consider the specific EBSM guidance as 
part of the proposed action. 

II. Operations in the Henrys Fork System 
The proposed action includes the storage in and release of water from Grassy Lake Dam and 
Lake and Island Park Dam and Reservoir.  It also includes the diversion of water at Cascade 
Creek Diversion Dam.  All of these facilities are part of the Minidoka Project, which is 
authorized for irrigation.  The Henrys Fork enters the Snake River at RM 832.5. 

A. Grassy Lake Dam and Lake 

Grassy Lake Dam, completed in 1939, is on Grassy Creek in Wyoming, a tributary to the 
Henrys Fork near the southern boundary of Yellowstone National Park.  Total active storage 
capacity at Grassy Lake is 15,200 acre-feet, which does not include a 270-acre-foot dead 
pool.  Reclamation owns Grassy Lake Dam, but the Fremont-Madison Irrigation District 
operates the facility for irrigation water supply.  The Caribou-Targhee National Forest 
manages Reclamation’s withdrawn lands around Grassy Lake. 
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Reclamation will release water from Grassy Lake Dam to meet irrigation demand, usually 
during July and August.  Reclamation may make additional releases after August to draft 
Grassy Lake to a winter operation level.  Reclamation will maintain at least 6,600 acre-feet in 
the reservoir in October in 90 percent of years to increase the probability of fill in the spring.  
Reclamation does not operate the reservoir for flood control. 

B. Island Park Dam and Reservoir 

Island Park Dam is on the Henrys Fork (RM 91.7) and was completed in 1938, with 
additional work completed in the early 1980s.  Reclamation owns the dam, but the Fremont-
Madison Irrigation District operates it for irrigation water supply to lands from St. Anthony 
to Rexburg, Idaho.  Total storage in the reservoir is 135,586 acre-feet, which includes 
381 acre-feet of inactive storage.  Island Park Hydro, L.L.C., owns and operates a 4,800-kW 
powerplant at Island Park Dam under a Federal Energy Regulatory Commission (FERC) 
license. 

Figure 4 shows summary hydrographs depicting the range of hydrologic operations 
Reclamation proposes for Island Park Dam and Reservoir.  Reclamation will operate the dam 
and reservoir mainly for irrigation and informal flood control.  The reservoir will usually fill 
between April and June in average and wet years; it may not fill in dry years.  Informal flood 
control rule curves for Island Park Dam and Reservoir were originally developed to address 
dam safety concerns.  The curve is designed to limit spillway discharge during a probable 
maximum flood event, and it includes flood control space requirements determined by runoff 
forecasts.  These rule curves have since been adopted to provide informal flood control in the 
Henrys Fork.  Much of the runoff in the Henrys Fork system occurs unregulated downstream 
from Island Park Dam.  Therefore, the primary objective of flood control operations at Island 
Park Dam will be to limit outflow when damaging flood flows are occurring downstream.  
The monthly average April through June flows will range from 81 to 1,900 cfs, and average 
monthly flow will exceed 800 cfs in 50 percent of the time for this period. 

Reclamation will determine releases for irrigation in consultation with the Fremont-Madison 
Irrigation District; target flows will be established for the Henrys Fork at the St. Anthony 
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Summary Hydrograph for Island Park Dam Outflow
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Figure 4.  Summary hydrographs of Reclamation’s proposed action for Island Park Reservoir storage 
and Island Park Dam outflow (Reclamation 2004a). 
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gauge (RM 32.4) and the Rexburg gauge (RM 9.2) based on water supply, reservoir 
carryover, and irrigation demand.  Operational target flow at the St. Anthony gauge will be 
1,200 cfs during the irrigation season in average years; in poor runoff years, the operational 
target will be 1,000 cfs at the Rexburg gauge.  During the July through September period, 
outflows from Island Park Reservoir to meet these targets will range from 300 to 2,000 cfs.  
Flows of around 1,000 cfs are exceeded 50 percent of the time.  The reservoir will begin to 
draft from early June to late July, depending on the water year type and storage water needed 
to fulfill the irrigation demand. 

Winter releases at Island Park Dam begin in late October and November and vary with 
carryover storage and fall inflows.  There is no formal minimum release, although 
Reclamation states in its Assessment it has a goal of maintaining releases at 300 cfs between 
irrigation seasons.  However, recent winter flows have ranged from 0 to 300 cfs.  In 
50 percent of years, Reclamation’s proposed action shows that average flows from 
November through February will be above 340 cfs, and the minimum and maximum average 
monthly flows for the same period will be 78 and 800 cfs, respectively.  All other inflows 
will be stored, and the reservoir will begin to refill in October in most years.  Reclamation 
will communicate annually with the Idaho Department of Fish and Game and the Henry’s 
Fork Foundation regarding winter release operations. 

Operation of the powerplant at Island Park Dam is the responsibility of Island Park Hydro, 
L.L.C., and is guided by a 1991 FERC operating license.  In 1995, the spillway was modified 
to enhance hydroelectric power generation; a 1-foot-high inflatable rubber collar was 
constructed on the spillway to limit bypass and control the top 1 foot of active storage in the 
reservoir.  The collar also serves to control downstream water temperatures, a condition of 
the FERC license.  Under that license, operation of the collar must not change the volume of 
water released; any changes required for powerplant testing, maintenance, construction, or 
other activities are subject to strict ramping requirements.  After the irrigation season, flows 
may be shifted to the powerplant or terminated completely to allow inspection of the 
combined spillway and outlet tunnels at the dam. 

III. Operations on Willow Creek 
The proposed action includes the storage in and release of water from Ririe Dam and 
Reservoir.  These facilities are part of the Ririe Project, which is authorized for flood control, 
irrigation, municipal water, and recreation.  The facilities are on Willow Creek (RM 20.5), 
which enters the Snake River at RM 796.5.  The Corps originally built this project, but 
Reclamation took over operation and maintenance activities in 1976.  The reservoir has an 
active capacity of 80,541 acre-feet. 

Reclamation will operate the project primarily for flood control, although they will release 
storage water for irrigation.  The reservoir’s target refill date will be April to June, although 



Operations on the Mainstem Snake River Description of the Proposed Action – Chapter 2 

March 2005 U.S. Fish and Wildlife Service 23 

this will vary with snow conditions and runoff.  Reclamation will operate the dam under formal 
flood control rule curves, which require that a minimum flood control space be evacuated and 
maintained from November 1 to March 1 to control winter rain-on-snow flood events.  Space 
requirements from March 1 to June 30 will be based on runoff volume forecasts.  The top 
10,000 acre-feet in the reservoir will be reserved exclusively for flood control. 

After spring runoff, Reclamation will hold the reservoir as high as possible for recreation 
while meeting natural flow rights and irrigation demands downstream.  In 50 percent of 
years, the reservoir will be maintained with about 58,000 acre-feet through September.  The 
reservoir’s minimum active storage volume will be 0 acre-feet in the driest 1 percent of 
years.  In 50 percent of years, releases from June through September will exceed 161 cfs.  
Reclamation will hold releases to 415 cfs or less 95 percent of the time to prevent channel 
erosion and pump station damage downstream.  Minimum releases will be between 0 and 
20 cfs. 

If necessary, Reclamation will draw the reservoir down after Labor Day to reach its flood 
control storage volume by November 1.  The volume of water that must be released to reach 
winter levels will vary with water year type; in dry years, irrigation releases alone may be 
sufficient to reach that level.  To avoid possible ice formation in the channel, Reclamation 
will not release water during the winter except when required by flood control rule curves.  
In these years (typically exceeded in only 10 percent of years), flows will range from 3 to 
100 cfs. 

IV. Operations on the Mainstem Snake River 
The proposed action includes the storage in and release of water from American Falls Dam 
and Reservoir and Minidoka Dam and Lake Walcott; the diversion of water at Falls Irrigation 
Pumping Plant, Minidoka Northside Headworks, Minidoka Southside Headworks, Unit A 
Pumping Plant, Milner-Gooding Headworks, Dead Ox Pumping Plant, Owyhee Ditch 
Pumping Plant, Ontario/Nyssa Pumping Plant, and Gem Pumping Plant; and hydroelectric 
power generation at Minidoka and Inman Powerplants.  The proposed action also includes 
providing salmon flow augmentation water to Brownlee Reservoir using uncontracted space 
in American Falls Reservoir, leased storage from the Shoshone-Bannock Tribal water bank, 
and annually rented storage from the Water District 01 rental pool.  Table 2 in Chapter 1 on 
page 7 shows past releases from the mainstem Snake River below the Henrys Fork 
confluence for flow augmentation; these will likely continue, with some modifications 
described below, under the proposed action. 

The Falls Irrigation Pumping Plant is part of the Michaud Flats Project, which is authorized 
for irrigation.  The Dead Ox, Owyhee Ditch, Ontario/Nyssa, and Gem Pumping Plants are 
part of the Owyhee Project, which is authorized for irrigation.  The other facilities are part of 
the Minidoka Project, which is authorized for irrigation and hydroelectric power. 
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A. American Falls Dam and Reservoir 

American Falls Dam is on the Snake River (RM 714.1).  It was completed in 1927 and 
rebuilt in 1977.  Total active storage capacity at American Falls Reservoir is 1,672,590 acre-
feet; there is no dead or inactive space.  Reclamation manages some lands around American 
Falls Reservoir; the Shoshone-Bannock Tribes manage adjacent lands on the Fort Hall Indian 
Reservation.  Reclamation owns and operates American Falls Dam and Reservoir; Idaho 
Power owns and operates a powerplant at the dam under a FERC license. 

Figure 5 shows summary hydrographs depicting the range of Reclamation’s proposed 
operation of American Falls Dam and Reservoir.  In 50 percent of years, American Falls 
Reservoir will fill by the end of May, although in dry years, it may not fill.  Flood control 
operations at American Falls will be based on informal rule curves and do not require a 
minimum flood control space.  Large releases from American Falls Reservoir may be 
necessary, which can result in much higher flows downstream.  In about 50 percent of years, 
average monthly outflows from April through June will approach 13,000 cfs with daily peaks 
that could exceed 20,000 cfs.  In 50 percent of years, the daily peak flow will exceed 
20,000 cfs; in 10 percent of years, it will exceed 28,000 cfs.  Minimum average monthly flow 
releases from the reservoir will be from 8,796 cfs in June to 2,751 cfs in September. 

Reclamation will direct the Idaho Power powerplant operator to release the water necessary 
for irrigation and flood control operations.  The powerplant capacity is 13,500 cfs; if the 
required releases exceed this level, the low-level outlet gates on the dam will be used in 
addition to powerplant flows.  Idaho Power holds the contract for about 44,275 acre-feet of 
storage space in American Falls Reservoir.  They generally request the release of water from 
this space either during the summer months to meet its minimum flow requirement (200 cfs) 
at Milner Dam or in December and January when the benefit of power production is 
increased. 

Reclamation will use the downstream diversion demands at Milner and Minidoka Dams to 
determine American Falls Dam irrigation releases.  As diversion demands change, 
Reclamation will adjust American Falls Dam releases to maintain Lake Walcott, the reservoir 
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Summary Hydrograph for American Falls Dam Outflow
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Figure 5.  Summary hydrographs of Reclamation’s proposed action for American Falls Reservoir 
storage and American Falls Dam outflow (Reclamation 2004a; Reclamation, in litt., 2005a). 
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created by Minidoka Dam, at a constant elevation of 4,245 feet from April through July.  In 
80 percent of years, irrigation releases at American Falls Dam from June through August will 
be at least 11,000 cfs. 

Reclamation will draft the reservoir as needed to meet irrigation demands; there will be no 
minimum or conservation pool.  In 50 percent of years, the reservoir will retain at least 
380,000 acre-feet at its lowest point near the end of September.  The reservoir’s minimum 
contents will be 50,000 acre-feet or greater in about 80 percent of years during August and 
September.  The reservoir will be empty or near empty by the end of July or August in about 
5 percent of years.  Table 3 shows the reservoir’s minimum contents under the proposed 
action by month. 

Table 3.  Minimum reservoir contents (acre-feet) in American Falls Reservoir under the proposed action 
(Reclamation, in litt., 2005a). 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept 

55,000 239,000 380,000 619,000 814,000 1,029,000 858,000 418,000 100,000 5,000 0 19,000 

The reservoir’s end-of-month elevation will be at or above 4,311 feet about 85 percent of the 
time from June through October.  This average does not account for daily fluctuations.  
Recent historical daily data indicate the reservoir’s elevation has been at or below 4,311 feet 
for 4 days or more in about 37 percent of years for the June to October period. 

The primary goal of winter operations at American Falls Reservoir will be to fill the reservoir 
by April 1 or the beginning of the irrigation season.  Winter releases will primarily be water 
that cannot be stored in American Falls Reservoir or in upstream reservoirs.  To prevent 
cavitation at the dam’s outlet gates and to meet fish and wildlife needs, Reclamation will 
maintain a flow release of not less than 350 cfs below the dam.  Table 4 shows Reclamation’s 
minimum flow releases under the proposed action by month. 

Table 4.  Minimum streamflows (cfs) below American Falls Dam (at the Snake River at Neeley gauge) 
under the proposed action (Reclamation, in litt., 2005a). 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept 

350 350 350 350 400 500 800 4,000 7,000 8,000 2,500 1,600 

There are no official ramping rate requirements proposed for flow changes at American Falls 
Dam, although the Assessment states that reservoir operators will attempt to avoid large 
changes in flow.  At flows of 2,000 cfs or less, Reclamation will generally change releases at 
a rate of 200 cfs per hour; at flows above 2,000 cfs, Reclamation will generally change 
releases at a rate of 500 cfs per hour.  Reclamation will implement greater rate changes if it 
does not compromise downstream river safety. 
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B. Falls Irrigation Pumping Plant 

The Falls Irrigation Pumping Plant is at the base of American Falls Dam (RM 714.1).  It is 
part of the Michaud Flats Project, which is authorized for irrigation and provides water to 
about 11,000 acres of land adjacent to the town of American Falls.  Storage water from 
American Falls and Palisades Reservoirs are pumped into canals that serve about 69 percent 
of project lands.  Return flows and groundwater pumped from wells serve the remaining 
31 percent.  The main pumping plant will divert up to 126 cfs of Snake River water into the 
Main East and West Canals; the wells and their pumping plants will provide about 72 cfs and 
discharge groundwater directly into the main canal, open laterals, and piped laterals.  The 
facilities for this project will be operated during the normal irrigation season from April to 
October. 

C. Minidoka Dam and Lake Walcott 

Minidoka Dam is on the Snake River (RM 673.5).  It was completed in 1906; the spillway 
was raised in 1909.  Total storage at Lake Walcott is greater than 210,200 acre-feet, which 
includes an unquantified volume of dead pool, 115,000 acre-feet of inactive storage, and 
95,200 acre-feet of active storage.  The Minidoka Powerplant was completed in 1909; the 
Inman Powerplant, a separate, two-unit powerplant, was added in 1991, making the total 
hydroelectric power generation capacity 28,500 kW.  The Service manages the lands 
surrounding Lake Walcott as part of the Minidoka National Wildlife Refuge. 

Figure 6 shows summary hydrographs depicting the range of Reclamation’s proposed 
operation of Minidoka Dam and Lake Walcott.  The target refill date for Lake Walcott will 
be April 1 or the beginning of irrigation season.  Lake Walcott will be relatively easy to fill 
because it is small and winter flows in the Snake River are sufficient to reach full pool.  
Typical spring and summer operations will hold the reservoir elevation at 4,245 feet to allow 
water to flow into the Minidoka North and South Side Canals.  Incoming flows released from 
American Falls Dam will be either diverted into these canals or passed through Minidoka 
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Summary Hydrograph for Minidoka Dam Outflow
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Figure 6.  Summary hydrographs of Reclamation’s proposed action for Lake Walcott storage (this 
graphic includes 115,000 acre-feet of inactive space) and Minidoka Dam outflow 
(Reclamation 2004a; Reclamation, in litt., 2005a). 
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Dam to Milner Pool downstream to meet downstream irrigation demands.  Reclamation will 
coordinate Minidoka Dam releases during the irrigation season with operators at Milner 
Dam. 

Reclamation’s releases at Minidoka Dam from June through September will exceed 7,000 cfs 
in about 80 percent of years.  Releases will exceed 10,000 cfs in about 10 percent of years.  
Releases will be as low as 3,000 cfs in about 5 percent of years.  Water released from 
Minidoka Dam requires 6 to 8 hours to reach Milner Dam. 

Reclamation will maintain 210,000 acre-feet in Lake Walcott though the irrigation season 
before drawing down to a winter storage volume of 151,000 acre-feet by the end of 
September in most years.  In about 5 percent of years, minimum contents may be as low as 
151,000 acre-feet as early as the end of July and as low as 135,000 acre-feet (a 2-vertical-foot 
elevation difference from 151,000 acre-feet) be the end of August or September.  Table 5 
shows the reservoir’s minimum contents under the proposed action by month. 

Table 5.  Minimum reservoir contents (acre-feet) in Lake Walcott under the proposed action 
(Reclamation, in litt., 2005a). 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept 

151,000 151,000 151,000 151,000 171,000 205,000 210,000 210,000 210,000 151,000 135,000 135,000 

Reclamation will lower the water surface of Lake Walcott at the end of the irrigation season 
to elevation 4,240 feet or less to avoid ice damage to the spillway piers.  When the surface 
elevation has been lowered to the winter level, and the irrigation season is over, flows over 
the spillway at Minidoka Dam will be shut off, and any inflow will be passed downstream 
through the powerplant. 

During the winter, Reclamation will pass inflow, which includes American Falls Dam releases 
and about 200- to 250-cfs reach gains between American Falls Dam and Minidoka Dam.  
Because the powerplants require at least 400 cfs to operate, and this discharge allows 
Reclamation to heat and light the powerplants to prevent damage to equipment and to maintain 
control, the proposed action includes a 400-cfs minimum outflow year-round.  Releases from 
Minidoka Dam from November through March will be as low as 400 cfs in 20 percent of years 
and as low as 600 cfs in 50 percent of years.  Table 6 shows Reclamation’s minimum flow 
releases for Minidoka Dam under the proposed action by month. 

Table 6.  Minimum streamflows (cfs) below Minidoka Dam (at the Snake River near Minidoka Dam gauge) 
under the proposed action (Reclamation, in litt., 2005a). 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept 

400 400 400 400 400 400 400 2,700 6,000 7,000 1,400 1,300 
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When the Inman Powerplant was added at Minidoka Dam in 1991, Reclamation made 
several environmental commitments as part of their Environmental Assessment and Finding 
of No Significant Impact.  These commitments included the following: 

• Minimum spillway flows of 1,300 cfs from April 15 to September 15 (1,900 cfs in 
July and August). 

• Starting on April 8, or when flows exceed 5,035 cfs, whichever is earlier, flows over 
the spillway will be increased by 200 cfs per day. 

• Starting on September 1 or when flows drop below 6,300 cfs, whichever is later, 
flows over the spillway will be decreased by 200 cfs per day. 

• From April 1 to April 15 and from September 15 to October 31, the first 5,035 cfs of 
flow will be passed through the powerplant, the next 1,300 cfs will be passed through 
the spillway, and any remaining flow up to the powerplant capacity (8,600 cfs) will 
be passed through the powerplant. 

In December 2004, snail shells collected from below Minidoka Dam to the Jackson Bridge 
between 1995 and 1997 were identified as Snake River physa (T. Frest, pers. comm., 2005).  
In a January 27, 2005, letter to the Service, Reclamation determined that the proposed action 
was not likely to adversely affect the species.  The Service responded with a February 10, 
2005, letter disagreeing with that determination and recommending that the two agencies 
work together to assess potential effects and opportunities to incorporate this new 
information into the ongoing section 7 consultation for operation of Reclamation projects in 
the upper Snake River basin.  After several meetings between the agencies and with 
stakeholders, Reclamation (in litt., 2005c) submitted a letter to the Service on March 22, 
2005, amending its Assessment to add an additional proposed action. 

Reclamation proposes to conduct surveys and studies, in cooperation with the Service, for 
Snake River physa in the reach between Minidoka Dam and the Milner Pool.  Three years of 
studies will occur within a period of 5 years after this Opinion is rendered, beginning in 2005 
and ending no later than 2009.  The purpose of the proposed surveys and studies is to 
determine whether the species is present in this reach, and if it is, its locations and habitat 
conditions.  On an annual basis, a technical team of Reclamation and Service staff and other 
scientists will prepare a report describing results and evaluating factors affecting the species 
in the action area.  Based on that report, Reclamation will determine whether a management 
response can be made to address any effects of Reclamation’s operations on Snake River 
physa.  In reviewing the annual reports, Reclamation and Service managers will determine 
whether this Opinion remains valid or whether reinitiation of consultation is warranted. 

D. Milner Dam and Pool 

Milner Dam, Inc., owns and operates Milner Dam on the Snake River (RM 639.1) as an 
irrigation diversion structure; the operation of this structure is interrelated to Reclamation’s 
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proposed action.  Milner Dam functions as an operational control point for the upper Snake 
River system above Milner Dam, where the goal is to control flood flows and to store water for 
irrigation to the maximum extent possible, including carryover.  Four canals and three pump 
stations make the total diversion capacity at Milner Dam over 11,000 cfs.  Reclamation owns 
and operates the headgate at the Milner-Gooding Canal (1,600-cfs capacity) and holds natural 
flow water rights for irrigation delivery for 850 cfs and 1,700 cfs.  These water rights have a 
1921 priority date, which is junior to most other irrigating entities at Milner Dam.  The Idaho 
Department of Water Resources (1996) acknowledges that flows past Milner Dam may be 
reduced to 0 cfs to meet water rights during the irrigation season. 

Idaho Power owns two powerplants at Milner Dam:  one at the base of the dam (830-kW, 
230-cfs capacity) and one 1.6 miles down on the Twin Falls Canal (58,620-kW, 5,450-cfs 
capacity).  Idaho Power is required by its FERC license to maintain 200 cfs in the reach 
immediately downstream from Milner Dam.  However, Idaho Power does not have a water 
right for this 200 cfs, and it must use water from its storage account in American Falls 
Reservoir or rent water to meet this minimum flow, when available.  In 2003 and 2004, Idaho 
Power requested, and FERC granted, relief from this requirement due to low water carryover 
and availability.  Idaho Power is now seeking permanent repeal of this license article.  For 
purposes of this Opinion, the Service assumes the license articles will stand and Idaho Power 
will provide the 200 cfs minimum bypass. 

Reclamation’s proposed action includes providing salmon flow water from storage upstream 
from Milner Dam.  The primary purpose of flow augmentation water is to provide flows for 
juvenile salmon migration downstream from Brownlee Dam from April 3 through August 31.  
Reclamation’s strategy for releasing storage water above Milner Dam is to facilitate delivery 
of the storage water in a timely manner.  NOAA Fisheries recommends that the last of the 
flow augmentation water arrive at Brownlee Reservoir by August 31; therefore, water should 
pass Milner Dam by August 20.  These releases will begin no sooner than June 20. 

In January 2005, Idaho Power and a number of stakeholders, including the Service, entered 
into an Interim Operations Agreement (Idaho Power 2005) that addressed issues involving 
listed species and Idaho Power’s existing operations at the Hells Canyon Complex.  This 
agreement is unrelated to Reclamation’s proposed action except for an Idaho Power 
commitment related to delivery of salmon flow augmentation water.  Idaho Power agreed to 
“shape” delivery of augmentation flows out of the Hells Canyon Complex to allow 
Reclamation to deliver flow augmentation water stored above Milner Dam beyond 
August 20.  The purpose of shaping is to provide water for fish and other aquatic and riparian 
species below Milner Dam for as long a period of time as possible.  Shaping will involve 
Idaho Power releasing stored water from Brownlee Reservoir before August 31 equal to the 
volume Reclamation will release from Reclamation’s reservoirs above Milner Dam after 
August 20.  The maximum volume Reclamation will release will be about 220,000 acre-feet.  
The maximum rate of increase will be about 500 cfs per day with hourly changes greater than 
100 cfs avoided.  The maximum flow rate will be 1,500 cfs.  The maximum rate of decrease 
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will be 100 cfs per day.  Augmentation will start not earlier than June 20 after maximum 
reservoir fill has been achieved and after flood releases past Milner Dam are over. 

Idaho Power’s Interim Operations Agreement is in effect as long as settlement discussions 
for its relicensing of the Hells Canyon Complex continue.  Depending on the progress of 
those discussions, the commitment to shaping may apply only in 2005.  It is not known 
whether shaping will continue, and, therefore, whether Reclamation will continue to extend 
the period of time it takes to deliver salmon flow augmentation.  Absent an agreement 
regarding flow shaping that extends beyond 2005, Reclamation will release salmon 
augmentation flows as described in the Assessment during the 30-year period of the proposed 
action.  Salmon releases will still begin on or after June 20 and will continue until complete, 
usually by August 20.  The maximum rate of increase will be about 500 cfs per day with 
hourly changes greater than 100 cfs avoided.  The maximum rate of decrease will be 
approximately 100 cfs per day.  The maximum flow release at Milner Dam will be adjusted 
based on the volume of water available but will be no less than 1,200 cfs.  In order to 
maintain a relatively constant water surface elevation at the Milner Pool, gradual changes in 
releases at American Falls and Minidoka Dams will be necessary. 

Figure 7 and Figure 8 give example hydrologic conditions at Milner Dam and King Hill during 
provision of flow augmentation water with and without Idaho Power shaping at Brownlee 
Dam.  These graphs were developed using “adjusted” average daily historical data for 2001, a 
dry year with good pool carryover, which has typical runoff timing.  Both scenarios simulate 
delivery of 220,000 acre-feet of flow augmentation water from storage above Milner Dam. 

Reclamation’s monthly modeled proposed action shows flows past Milner Dam without 
shaping.  This monthly modeled data shows that for the June through August period, flows will 
exceed 1,600 cfs in 50 percent of years; in 25 percent of years, flows will exceed 2,000 cfs.  In 
dry water years, or in years of low carryover when little or no water from above Milner Dam is 
available for salmon flow augmentation (95 percent exceedance levels), average monthly flows 
for June, July, August, and September may be as low as 5 cfs.  The 5 cfs is from seepage. 

It is important to note that when salmon flow augmentation releases will be made, the first 
200 cfs will pass through the small powerplant at Milner Dam, and the remainder will be 
diverted into a canal and through the larger powerplant 1.6 miles downstream.  The 1.6-mile-
stretch of river immediately below the dam will not have more than 200 cfs flowing into it 
unless water is spilling at Milner Dam during spring runoff or flood control operations. 

E. Dead Ox, Owyhee Ditch, Ontario/Nyssa, and Gem Pumping Plants 

These four pumping plants, part of the Owyhee Project, are authorized for irrigation.  The 
Dead Ox Pumping Plant (RM 362.5) has a capacity of 176 cfs.  The Owyhee Ditch Pumping 
Plant (RM 391.0) has a capacity of 222 cfs.  The Ontario/Nyssa Pumping Plant (RM 391.0) 
has a capacity of 130 cfs.  The Gem Pumping Plant (RM 426.6) has a capacity of 334 cfs. 
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Figure 7.  Example of potential discharge (cfs) at Milner Dam with and without shaping at 
Brownlee Dam for 2001.  This year was a dry year with good pool carryover and runoff 
followed a more typical timing pattern.  Reclamation used “adjusted” average daily data to 
develop the graph. 
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Figure 8.  Example of potential stage (feet) at King Hill with and without shaping at 
Brownlee Dam, for 2001.  Reclamation used “adjusted” average daily data to develop the 
graph. 
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V. Operations on the Little Wood River 
The proposed action includes the storage in and release of water from Little Wood River Dam 
and Reservoir.  These facilities are part of the Little Wood River Project, which was authorized 
in 1956 to improve the existing irrigation supply and to assist with local flood control.  Also 
authorized were minimum recreation facilities and “reasonable measures” for fish and wildlife.  
The Little Wood River Irrigation District operates and maintains the dam and reservoir. 

The Little Wood River Dam, on the Little Wood River (RM 78.8) upstream from Carey, 
Idaho, was completed in 1939 and enlarged in 1958-1960.  The Little Wood River enters the 
Malad River at RM 11.9, which then enters the Snake River at RM 571.4.  The Little Wood 
River Irrigation District also operates a powerplant on the outlet of the dam, although water 
will not be released specifically for hydroelectric power generation. 

Of the 30,000 acre-feet of reservoir storage capacity, 28,000 acre-feet is joint space allocated 
to flood control and irrigation.  Reclamation will operate Little Wood River Reservoir under 
formal flood control regulations.  In the wettest years, releases between 1,200 and 2,000 cfs 
may occur during flood control operations. 

Outside of the flood control period, Reclamation will operate the reservoir for the delivery of 
irrigation water.  The reservoir fill target will be April 15 unless flood control rule curves 
require a later date.  Reclamation will typically begin to draft the reservoir in May or June as 
irrigation demand exceeds inflow.  Irrigation releases in average years will be between 200 
and 400 cfs, and in dry years may be as low as 100 cfs.  There will be no minimum flow 
requirement below the dam, and outflow will be shut off following the irrigation season to 
allow for refill.  Leakage through the dam will usually provide a small discharge of not more 
than a few cfs.  An agreement with the Idaho Department of Fish and Game requires that 
2,000 acre-feet of reservoir storage be available to fish and wildlife and to maintain Carey 
Lake downstream. 

VI. Operations on the Owyhee River 
The proposed action includes the storage in and release of water from Owyhee Dam and 
Reservoir.  These facilities, along with four major pumps on the Snake River described on 
page 30, and five smaller pumping plants, hundreds of miles of canals, pipelines, tunnels, 
laterals, and drains are all part of the Owyhee Project in southeast Oregon.  The project was 
authorized in 1926 for the sole purpose of irrigation.  About 72 percent of the irrigation lands 
are in Oregon, and about 28 percent are in Idaho. 

The Owyhee River basin includes about 11,340 square miles in southeast Oregon, southwest 
Idaho, and northern Nevada.  Approximately 120 miles of the Owyhee River, from Owyhee 
Reservoir upstream to the Oregon-Idaho border, is included as part of the National Wild and 
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Scenic River System.  Owyhee Dam was built on the Owyhee River (RM 27.3) in 1932.  The 
Owyhee River enters the Snake River at RM 392.6. 

Figure 9 shows summary hydrographs depicting the range of Reclamation’s proposed 
operation of Owyhee Dam and Reservoir.  The reservoir’s total storage capacity is 
1,120,000 acre-feet, which includes 405,000 acre-feet of inactive space.  All of the active 
storage capacity at the reservoir (715,000 acre-feet) is contracted for irrigation.  Average 
annual runoff within the basin is 760,000 acre-feet at Owyhee Dam.  The reservoir was sized 
to provide a 2-year water supply because runoff in the basin is highly variable.  Reclamation 
retains title for the facilities, but water users, now represented by the Owyhee Irrigation 
District and South Board of Control, operate and maintain the facilities.  The Owyhee Project 
water users also own and operate three powerplants, including one at Owyhee Dam 
(5,000 kW), Tunnel No. 1 (8,000 kW), and Mitchell Butte (2,000 kW). 

Reclamation has developed informal flood control rule curves for Owyhee Reservoir.  Under 
the recommendations, Reclamation will maintain a minimum flood control space in Owyhee 
Reservoir from October 1 through February 28.  Flood control operations may continue 
through May 30, depending on forecasted runoff.  If possible, the reservoir is filled by March 
or early April prior to the irrigation season.  For the period from February through May, 
Reclamation releases will exceed 700 cfs in 20 percent of years and will exceed 2,000 cfs in 
10 percent of years.  In 35 percent of years, Owyhee Reservoir will reach active capacity at the 
end of May and will begin to draft in June.  In the driest 10 percent of years, the reservoir may 
not fill more than 200,000 acre-feet of active storage by April and may begin to draft by May. 

Most irrigation releases will occur through the outlet tunnel (Tunnel No. 1) and through the 
powerplant.  The outlet tunnel drops 80 feet below the reservoir’s normal maximum water 
surface and leads to the heads of North and South Canals.  Outflow from the dam for some 
downstream natural flow rights and some storage rights will usually be very low because the 
majority of irrigation water will released through the outlet tunnel.  Irrigation releases from 
June through September will be between 177 and 250 cfs in about 94 percent of years.  In the 
driest 6 percent of years, releases will be between 59 and 177 cfs. 
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Summary Hydrograph for Owyhee Dam Outflow
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Figure 9.  Summary hydrographs of Reclamation’s proposed action for Owyhee Reservoir storage 
and Owyhee Dam outflow (Reclamation 2004a).
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During the winter, Reclamation will store most Owyhee Reservoir inflow.  The Owyhee 
Irrigation District and others made an environmental commitment to provide at least 30 cfs 
below Owyhee Dam between October 15 and April 15.  This outflow will be met except 
during or immediately following irrigation shortages when the releases will be 
proportionately reduced.  In extreme conditions, outflow may be reduced to 7.5 cfs.  The 
reservoir will usually reach its lowest level in early October.  In 50 percent of years, the 
reservoir will be at least 285,000 acre-feet (active storage), whereas in dry years when the 
reservoir does not fill, all active storage may be used. 

VII. Operations in the Boise River System 
The proposed action includes the storage in and release of water from Anderson Ranch Dam 
and Reservoir, Arrowrock Dam and Reservoir, Lucky Peak Dam and Reservoir, and the Deer 
Flat Dams and Lake Lowell.  It also includes the diversion of water at the Boise River 
Diversion Dam and hydroelectric power generation at Anderson Ranch and Boise River 
Diversion Dams (the FERC has licensed a hydroelectric power facility at Arrowrock Dam, but 
this facility has never been constructed).  The proposed action also includes the providing 
salmon flow augmentation water to Brownlee Reservoir using uncontracted space in Lucky 
Peak Reservoir, powerhead space in Anderson Ranch Reservoir, and annually rented storage 
from the Water District 63 rental pool.  Table 2 on page 7 shows past releases from the Boise 
River system for flow augmentation; these will likely continue under the proposed action. 

These facilities are all part of the Arrowrock Division of the Boise Project, which was 
authorized for the sole purpose of irrigation, although some facilities have additional 
authorized purposes.  Other features include the New York Canal, Mora Canal, Deer Flat 
High Line Canal, Deer Flat Low Line Canal, and Golden Gate Canal.  The Corps built, owns, 
and operates Lucky Peak Dam and Reservoir as part of the Lucky Peak Project primarily for 
local flood control, but Reclamation markets the storage for irrigation.  The Boise River 
enters the Snake River at RM 392.3. 

A. Anderson Ranch Dam and Reservoir 

Anderson Ranch Dam was constructed from 1941 to 1947.  It is on the South Fork Boise River 
(RM 43.5); the outflow enters Arrowrock Reservoir approximately 29 miles downstream from 
the dam.  Total storage at Anderson Ranch Reservoir is 474,942 acre-feet, which includes 
36,956 acre-feet of inactive space (powerhead space) and a 24,912-acre-foot dead pool.  
Reclamation owns and operates a two-unit powerplant with a capacity of 40,000 kW.  The 
Boise National Forest manages most of the lands around Anderson Ranch Reservoir. 

Anderson Ranch Dam was authorized in 1940 for the purposes of irrigation, power, flood 
control, conservation of fish, and recreation.  Reclamation operates Anderson Ranch Dam in 
coordination with Arrowrock and Lucky Peak Dams to fulfill irrigation and flood control 
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requirements, as well as to provide fish and wildlife protections downstream.  The three 
reservoirs operate under a formal flood control rule curve. 

Figure 10 shows summary hydrographs depicting the range of Reclamation’s proposed 
operation of Anderson Ranch Dam and Reservoir.  The target refill date for the reservoir will 
be late June; all runoff into the reservoir is from the South Fork Boise River.  During the 
April to June flood control period, releases will exceed 3,500 cfs in about 5 percent of years.  
Spillway use is minimized to prevent entrainment of bull trout. 

Minimum irrigation season releases will typically be between 600 and 1,600 cfs (the 
powerplant capacity).  In extremely dry and low carryover years (about 5 percent of the 
years), the flows may drop below 600 cfs in the July through August period, dropping as low 
as 521 cfs in July, 114 cfs in August, and 131 cfs in September.  Table 7 shows 
Reclamation’s minimum flow releases for Anderson Ranch Dam under the proposed action 
by month. 

Table 7.  Minimum streamflows (cfs) below Anderson Ranch Dam (at the South Fork Boise River 
gauge) under the proposed action (Reclamation, in litt., 2005b). 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept 

122 126 122 122 157 293 300 600 600 521 114 131 

Reclamation has flow targets in the South Fork Boise River to support fish habitat and to 
benefit rainbow trout spawning.  The minimum flow target from September 16 to March 31 
is 300 cfs.  Reclamation will meet this target in 95 percent of years.  In the remaining 
5 percent of years, flows may drop to as low as 122 cfs.  The minimum flow target from 
April 1 to September 15 is 600 cfs.  In years of low carryover, Reclamation will provide at 
least 300 cfs through April.  April to September flows will be at least 600 cfs in 90 percent of 
years, at least 300 cfs in 98 percent of years, and at 114 cfs during its lowest flow.  April 
flows will be at least 600 cfs in 74 percent of years and as low as 300 cfs in 15 percent of 
years. 
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Summary Hydrograph for Anderson Ranch Dam Outflow
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Figure 10.  Summary hydrographs of Reclamation’s proposed action for Anderson Ranch Reservoir 
storage (this graphic includes 41,000 acre-feet of inactive space) and Anderson Ranch Dam outflow 
(Reclamation 2004a; Reclamation, in litt., 2005b). 
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Table 8 shows Reclamation’s ramping rates for releases from the dam.  Reclamation will 
attempt to change flows on weekdays when there is less recreational use of the river. 

Table 8.  Anderson Ranch Dam ramping rates downstream from the dam. 

Maximum Rate September 16 through March 31 April 1 through September 15 
Increase 100 cfs per 10 minutes 35 cfs per 10 minutes (210 cfs per hour) 
Decrease None down to 600 cfs 

From 600 to 300 cfs: 35 cfs per 10 minutes 
None down to 1,000 cfs 
From 1,000 cfs to 600 cfs: 35 cfs per 10 
minutes for 1 hour per day (210 cfs) 

Releases from Anderson Ranch Dam will usually be made through the outlet works and 
power turbine, which is 200 feet below the spillway crest.  During spring runoff, if the water 
surface elevation is at least 4,195 feet and inflow is greater than 1,700 cfs, the spillway can 
be used to release water.  Under the proposed action, this will occur in 20 percent of years, 
typically in mid- to late June. 

Anderson Ranch Reservoir storage by the end of September will be at least 350,000 acre-feet 
in 50 percent of years, at least 200,000 acre-feet in 90 percent of years, and at least 
62,000 acre-feet (the reservoir’s unofficial minimum pool, which includes powerhead space 
and dead space) in 95 percent of years.  Reclamation may use up to 20,500 acre-feet of 
powerhead space in about 10 percent of years to provide flow augmentation water when 
sufficient uncontracted and rental pool water is not available in the Boise River system.  The 
inactive (powerhead) space will only be used after storage at Lucky Peak Reservoir was 
used, with total flow augmentation from the Boise River system not to exceed about 
41,000 acre-feet.  Table 9 shows the reservoir’s minimum contents under the proposed action 
by month.  In very dry years, or a series of dry years, minimum end-of-month reservoir 
storage for July through March could be 41,500 acre-feet. 

Table 9.  Minimum reservoir contents (acre-feet) in Anderson Ranch Reservoir under the proposed 
action (Reclamation, in litt., 2005b). 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept 

41,500 41,500 41,500 41,500 41,500 41,500 52,000 75,000 53,000 41,500 41,500 41,500 

B. Arrowrock Dam and Reservoir 

Arrowrock Dam, on the Boise River at RM 75.4, was completed in 1915.  In 1937, the height 
was increased, and in 2004, the original Ensign valves were replaced with clamshell gates.  
Total storage capacity in Arrowrock Reservoir is 272,224 acre-feet; there is a 679-acre-foot 
dead pool and no inactive space.  The original storage capacity was 286,000 acre-feet, but 
sediment has made approximately 12,000 acre-feet unavailable for water storage.  The Boise 
National Forest manages most of the lands surrounding Arrowrock Reservoir. 
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Arrowrock Dam was authorized in 1911 for the sole purpose of irrigation storage.  
Reclamation operates Arrowrock Dam in coordination with Anderson Ranch and Lucky Peak 
Dams for irrigation, local flood control, and recreation.  The three reservoirs operate under a 
formal flood control rule curve. 

Figure 11 shows summary hydrographs depicting the range of Reclamation’s proposed 
operation of Arrowrock Dam and Reservoir.  The target refill date for Arrowrock Reservoir 
will be late June; most runoff into the reservoir is from the Middle and North Forks of the 
Boise River.  In a typical irrigation season, Reclamation will draft Arrowrock Reservoir 
before Anderson Ranch or Lucky Peak Reservoirs to help maintain those reservoirs’ water 
surfaces for recreation.  In most years, Reclamation will draft Arrowrock Reservoir rapidly 
between July and the end of August.  Irrigation season releases will typically be between 
3,000 and 4,000 cfs.  Releases will be at least 3,000 cfs in 70 percent of years and at least 
2,400 cfs in 95 percent of years.  The proposed action projects that average monthly flows 
during the irrigation season will never drop below 356 cfs.  Average monthly winter releases 
from Arrowrock Dam will be at least 500 cfs from November through February in 50 percent 
of years, although the average monthly minimum will be 54 cfs. 

Releases from Arrowrock Reservoir will be made through the clamshell gates at elevation 
3,018 feet except during flood control releases when runoff volume exceeds 6,364 cfs and the 
water surface elevation is at least 3,211 feet; in these circumstances, Reclamation will release 
water over the spillway.  This will occur between March and June in about 50 percent of 
years.  When it occurs, it is usually about 20 percent of the time and predominantly during 
the month of June. 

Reclamation’s Assessment provides modeled end-of-month data that do not fully capture 
daily fluctuations.  Using recent historical daily elevation data, Reclamation (in litt., 2005b) 
determined that releases exceeding 695 cfs and a water surface elevation near or below 
3,111 feet will occur in all years during the July through September irrigation season and in 
65 percent of years during the winter season (October 15 through April 1).  During the 
irrigation season, these conditions will likely occur at the end of August and in September, 
but they may occur as early as July in years with little carryover or irrigation storage accrual. 
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Summary Hydrograph for Arrowrock Dam Outflow
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Figure 11.  Summary hydrographs of Reclamation’s proposed action for Arrowrock Reservoir storage 
and Arrowrock Dam outflow (Reclamation 2004a; Reclamation, in litt., 2005b). 
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Reclamation will maintain an unofficial minimum pool of 28,700 acre-feet in 95 percent of 
years.  In about 5 percent of years, the reservoir’s contents may fall to 20,000 acre-feet in 
July and October and 10,000 acre-feet in August and September.  Table 10 shows the 
reservoir’s minimum contents under the proposed action by month. 

Table 10.  Minimum reservoir contents (acre-feet) in Arrowrock Reservoir under the proposed action 
(Reclamation, in litt., 2005b). 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept 

20,000 29,135 54,935 57,322 28,700 56,700 28,661 114,644 28,700 20,000 10,000 10,000

C. Lucky Peak Dam and Reservoir 

Lucky Peak Dam is on the Boise River (RM 64.0) and was completed in 1957.  The Corps 
built, owns, and operates the facility.  Total storage capacity in Lucky Peak Reservoir is 
293,138 acre-feet, which includes 28,767 acre-feet of inactive space.  The reservoir has no 
dead pool.  Four of the five irrigation districts that comprise the Boise Project Board of 
Control own a 101,250-kW capacity powerplant at Lucky Peak Dam, and Seattle City Light 
operates the powerplant.  The delivery of irrigation water and passage of salmon flow 
augmentation water from Lucky Peak Reservoir is included as part of the proposed action.  A 
separate consultation between the Service and the Corps would be necessary to evaluate the 
effects of maintenance activities at Lucky Peak Dam. 

The Corps operates Lucky Peak Dam in coordination with Anderson Ranch and Arrowrock 
Dams for flood control, irrigation, and recreation.  The three reservoirs operate under a 
formal flood control rule curve.  A minimum flood control space is required in Lucky Peak 
Reservoir from January 1 through March 31.  Changes in releases for flood control purposes, 
including both increases and decreases, will be limited to 500 cfs per day whenever possible. 

The target refill date for Lucky Peak Reservoir will be the end of May.  During the irrigation 
season, the Corps will hold Lucky Peak Reservoir as high as possible to accommodate heavy 
recreational use.  Releases from Lucky Peak Dam during the irrigation season will exceed 
4,000 cfs in 50 percent of years; most of this flow will be stored water from Arrowrock Reservoir 
that the Corps will pass through for irrigation delivery.  Releases in August and September will 
be at least 1,200 cfs in 95 percent of years.  In higher water years, the Corps will maintain Lucky 
Peak Reservoir near full pool through Labor Day for recreation; in drought years, the Corps will 
draft Lucky Peak Reservoir earlier (as early as late June) when releases from Arrowrock 
Reservoir become insufficient to meet downstream irrigation demands. 

During the winter, there will be a minimum release target of 150 cfs from Lucky Peak Dam 
to maintain fish and wildlife downstream in the Boise River.  The 150 cfs will be provided 
through a combination of Reclamation space for streamflow maintenance and space held by 
the Idaho Department of Fish and Game.  The Idaho Department of Fish and Game prefers 
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minimum streamflows of 240 cfs when possible.  In 50 percent of years during the period 
from November through March, average monthly streamflows will be above 200 cfs.  
Streamflows will be at least 150 cfs in 85 percent of years; the average minimum monthly 
streamflow will be 78 cfs. 

D. Deer Flat Dams and Lake Lowell 

The Deer Flat Dams include four earthen embankments (Upper, Middle, and Lower 
Embankments, and East Dike) that impound Lake Lowell in a natural depression.  The Lower 
and Upper Embankments were constructed from 1906 to 1908 and were last modified in 1991.  
The Middle Embankment and the East Dike were constructed in 1911.  Lake Lowell has an 
active storage capacity of 159,365 acre-feet.  The lake has no natural outflow.  Significant 
seepage of storage water occurs, which reduces the actual active storage available.  The Service 
manages public lands around Lake Lowell as part of the Deer Flat National Wildlife Refuge; 
other land is privately owned. 

Figure 12 shows a summary hydrograph depicting the range of Reclamation’s proposed 
operation of Lake Lowell.  Irrigation is the sole authorized purpose of the Deer Flat Dams 
and Lake Lowell.  Lake Lowell is filled through the diversion of natural flow and storage 
water from Anderson Ranch and Arrowrock Reservoirs that is passed through Lucky Peak 
Dam and diverted at the Boise River Diversion Dam into the New York Canal.  Fill begins 
during the winter, and the lake is usually within 2 feet of capacity by the end of March.  Lake 
Lowell supplies water to four major canals:  the Deer Flat Caldwell Canal, the Deer Flat 
Nampa Canal, the Deer Flat North Canal, and Deer Flat Low Line Canal. 
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Figure 12.  Summary hydrograph of Reclamation’s proposed action for Lake Lowell 
storage (Reclamation 2004a). 
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VIII. Operations in the Malheur River System 
The proposed action includes the storage in and release of water from Agency Valley Dam 
and Beulah Reservoir, Bully Creek Diversion Dam and Reservoir, and one-half of the storage 
space in Warm Springs Dam and Reservoir.  It also includes the diversion of water at Bully 
Creek and Harper Diversion Dams.  The proposed action also includes providing salmon 
flow augmentation water to Brownlee Reservoir from acquired natural flow water rights.  
Table 2 in Chapter 1 on page 7 shows past releases from the Malheur River system for flow 
augmentation; these will likely continue under the proposed action. 

These facilities are part of the Vale Project in the Malheur River basin in southeast Oregon, 
which was originally authorized in 1926 for the single purpose of irrigation.  In 1959, the Bully 
Creek Extension authorized construction of additional facilities.  The expanded authorized 
purposes included irrigation and local flood control for all facilities and recreation and fish and 
wildlife preservation and propagation for Bully Creek Dam and Reservoir.  The Malheur River 
enters the Snake River at RM 368.2. 

A. Warm Springs Dam and Reservoir 

Warm Springs Dam was privately constructed in 1919.  The Warmsprings Irrigation District 
operates and maintains the facilities for irrigation and local flood control.  In exchange for 
constructing a drainage system for the irrigation district, Reclamation received title to one-
half of the 169,714 acre-feet of total available active storage in Warm Springs Reservoir. 

The target refill date at Warm Springs Reservoir will be May 31.  Reclamation will 
coordinate irrigation releases at Warm Springs Reservoir with those at Beulah Reservoir to 
maintain equal refill probability the following year.  Formal flood control rule curves will 
require space from November 1 to February 28.  All inflow from the Malheur River into 
Warm Springs Reservoir will be stored for irrigation unless flood control criteria require 
releases.  Ramping rates for the rate of rise will be implemented during flood control 
releases; there are no ramping requirements for the rate of drop in flows.  In an average water 
year, irrigation season releases from May through September will be between 400 and 
500 cfs.  Reclamation will fill and drain the reservoir in a straight-line pattern; in average 
years, reservoir contents at the end of September may be near 50,000 acre-feet, whereas in 
dry years, Reclamation will empty the reservoir. 

During the winter, Reclamation will close the outlet works gates and will shut off releases 
until it is necessary to open them for flood control operations.  There is no minimum 
streamflow requirement or natural flow water rights downstream from the dam during the 
non-irrigation season, and 2 to 3 cfs seepage may be the only outflow.  Reclamation will 
usually begin to refill the reservoir as outflows are shut off beginning in late October and 
early November. 
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B. Agency Valley Dam and Beulah Reservoir 

Agency Valley Dam, on the North Fork Malheur River (RM 14.5) near Juntura, Oregon, was 
completed in 1935.  Beulah Reservoir has a total capacity of 59,212 acre-feet with no 
inactive space or dead pool.  Reclamation transferred operations and maintenance for Agency 
Valley Dam to the Vale Oregon Irrigation District but retained title to the facilities. 

Figure 13 shows summary hydrographs depicting the range Reclamation’s past operation of 
Agency Valley Dam and Beulah Reservoir from 1971 to 2003 (Reclamation’s Assessment 
does not include modeled data for eastern Oregon operations).  Reclamation will coordinate 
irrigation releases at Beulah Reservoir with those at Warm Springs Reservoir to maintain 
equal refill probability the following year.  Formal flood control rule curves will require 
space from November 1 through January 31.  Unless prevented by flood control operations, 
Reclamation will operate Beulah Reservoir in a straight-line fill as all inflow is stored for 
irrigation.  Spillway use is minimized to prevent entrainment of bull trout.  In average water 
years, irrigation season releases from May through September will be between 300 and 
400 cfs.  In average years, end-of-month reservoir contents for September may be near 
10,000 acre-feet, whereas in dry years, the reservoir will be emptied.  Beulah Reservoir will 
be as low as 2,000 acre-feet in about 32 percent of years and emptied (at 200 acre-feet or 
less) in about 24 percent of years under the proposed action. 

Reclamation will usually close the dam gates at the end of the irrigation season.  There is no 
minimum streamflow requirement or natural flow water rights downstream from the dam; 
seepage through the dam may be the only outflow.  Reclamation will begin to refill the 
reservoir as the dam outflows are shut off, usually beginning in late October or early 
November. 

C. Bully Creek Dam and Reservoir 

Bully Creek Dam is on Bully Creek, about 8 miles northwest of the confluences (RM 20.3) 
with the Malheur River, and 9 miles northwest of Vale, Oregon.  Total storage is 
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Summary Hydrograph for Agency Vally Dam Outflow (1971 to 2003)

0
250
500
750

1,000
1,250
1,500
1,750
2,000
2,250

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct

Date

D
is

ch
ar

ge
 (c

fs
) 

Max Median Min

 
Figure 13.  Summary daily hydrographs of Reclamation’s 1971-to-2003 operations for Beulah 
Reservoir storage and Agency Valley Dam outflow (Reclamation 2004b). 
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24,380 acre-feet, with a 704-acre-foot dead pool.  The reservoir is operated under formal 
flood control rule curves.  A minimum flood control space is required from November 1 to 
February 28.  All inflow to Bully Creek Reservoir is stored for irrigation unless flood control 
criteria require some flow to be released to maintain flood control space.  In addition to 
storing natural inflow to Bully Creek Reservoir, some water is diverted to the reservoir from 
the Malheur River in the winter by means of the Vale Main Canal and Bully Creek Feeder 
Canal.  An average of 6,600 acre-feet is diverted annually from the Malheur River and stored 
in Bully Creek Reservoir.  After March 1, the reservoir is filled, unless flood control space is 
still required, on a straight-line with the goal of reaching full pool by April 15.  Releases of 
40 to 80 cfs are usually required during the irrigation season to meet irrigation demands. 

IX. Operations in the Payette River System 
The proposed action includes the storage in and release of water from Deadwood Dam and 
Reservoir and Cascade Dam and Lake Cascade.  It also includes the diversion of water and 
hydroelectric power generation at Black Canyon Diversion Dam.  The proposed action also 
includes providing salmon flow augmentation water to Brownlee Reservoir using uncontracted 
space in Lake Cascade and Deadwood Reservoir and annually rented storage from the Water 
District 65 rental pool.  Table 2 on page 7 shows past releases from the Payette River system 
for flow augmentation; these will likely continue under the proposed action. 

These facilities are all part of the Payette Division of the Boise Project, which was authorized 
for the irrigation and hydroelectric power.  Other features include the Black Canyon Canal, 
A Line Canal, D Line Canal, C Line Canal East, C Line Canal West, and Notus Canal.  The 
Black Canyon, C Line Canal, Willow Creek, and C Line Relift pumping plants are also 
associated with the project.  The Payette River enters the Snake River at RM 365.0. 

A. Deadwood Dam and Reservoir 

Deadwood Dam was completed in 1931.  It is on the Deadwood River (RM 23.4), which is a 
tributary to the South Fork Payette River.  Total storage capacity at Deadwood Reservoir is 
153,992 acre-feet; there is no inactive or dead pool space.  The Boise National Forest 
manages lands surrounding Deadwood Reservoir. 

Deadwood Dam was authorized in 1928 for irrigation and to provide water for increased 
hydroelectric power generation at Black Canyon Diversion Dam to run downstream pumps.  
Reclamation will operate Deadwood Reservoir in coordination with Lake Cascade under an 
informal flood control rule curve that requires flood control space at Deadwood Reservoir 
until spring runoff forecasts are available.  The outlet works at Deadwood Dam are about 
130 feet below the spillway crest, which will be used to release water for the majority of the 
water year.  Peak runoff usually occurs in June, and water will likely flow over the 
unregulated spillway during this time. 
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Figure 14 shows summary hydrographs depicting the range of Reclamation’s proposed 
operation of Deadwood Dam and Reservoir.  The target refill date at Deadwood Reservoir 
will be from June 20 to 25.  During the irrigation season, Reclamation will coordinate 
operations with those at Lake Cascade to fulfill irrigation demand downstream and to 
maximize recreational opportunities on the North Fork and South Fork Payette Rivers and at 
Lake Cascade.  Typical irrigation releases from Deadwood Dam will increase through the 
summer months as Lake Cascade is drafted.  Average monthly flow releases in June will 
exceed 500 cfs in about 50 percent of years; in July, flow releases will exceed 600 cfs in 
about 50 percent of years; and in August, flow releases will exceed 800 cfs in about 
50 percent of years.  For June, July, and August, the monthly average flow will be above 
200 cfs in 95 percent of years and will be above 49 cfs in all years.  Reservoir storage for this 
period will be at least 113,000 acre-feet in 50 percent of years and at least 50,000 acre-feet in 
95 percent of years.  Table 11 shows Reclamation’s minimum flow releases for Deadwood 
Dam under the proposed action by month.  Table 12 shows the reservoir’s minimum contents 
under the proposed action by month. 

Table 11.  Minimum streamflows (cfs) below Deadwood Dam (at the Deadwood River below 
Deadwood Dam gauge) under the proposed action (Reclamation, in litt., 2005b). 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept 

49 50 49 49 52 49 50 49 202 98 49 50 

Table 12.  Minimum reservoir contents (acre-feet) in Deadwood Reservoir under the proposed action 
(Reclamation, in litt., 2005b). 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept 

40,000 40,000 40,000 40,000 40,000 40,000 58,122 81,005 64,804 50,000 40,000 40,000 

A Reclamation administrative decision regarding operation of Deadwood Dam has 
established a minimum release target of 50 cfs and a conservation pool of 50,000 acre-feet 
during the winter months.  Average monthly reservoir elevations for November through 
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Figure 14.  Summary hydrographs of Reclamation’s proposed action for Deadwood Reservoir 
storage and Deadwood Dam outflow (Reclamation 2004a; Reclamation, in litt., 2005b). 
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April will be greater than 80,000 acre-feet in about 50 percent of years and greater than 
50,000 acre-feet in 95 percent of years. 

A condition in the Nez Perce Settlement Agreement (2004) requires that in extremely dry 
years when certain flow and storage criteria are triggered, Reclamation will provide up to an 
additional 30,000 acre-feet of water from the Payette River basin for Boise or Payette River 
basin irrigation rental.  Reclamation will make available 30,000 acre-feet of uncontracted 
space in Deadwood Reservoir that is administratively reserved to help maintain the 50-cfs 
winter instream flow downstream from the dam.  The manner and timing by which this water 
will be provided will allow Reclamation to maintain the 50-cfs minimum flow and the 
50,000-acre-foot conservation pool in most years.  However, in successive dry years that will 
occur in about 7 percent of years, Reclamation may use between 4,000 and 10,000 acre-feet 
of the conservation pool.  In these years, the reservoir storage will fall below 50,000 acre-
feet.  Reservoir storage will never drop below 40,000 acre-feet. 

When possible, Reclamation will avoid flow changes on the weekends, and weekday changes 
will occur during the evening for safety of recreational users of the river.  Increased releases 
will be maintained through Labor Day if water conditions allow.  There are ramping rate 
guidelines for rate of rise for releases through Deadwood Dam, but there are currently no 
guidelines for rate of drop for releases. 

B. Cascade Dam and Lake Cascade 

Cascade Dam was constructed on the North Fork Payette River (RM 40.2) from 1946 to 
1948.  Total storage capacity at Lake Cascade is 693,123 acre-feet, of which 46,662 acre-feet 
is inactive space; there is no dead pool.  Idaho Power owns and operates a 12,800-kW 
powerplant at the dam.  Reclamation and the Boise National Forest manage most lands 
around Lake Cascade. 

Cascade Dam was authorized in 1935 for the purposes of irrigation and power.  Reclamation 
will operate Lake Cascade in coordination with Deadwood Reservoir under an informal flood 
control rule curve that requires flood control space at Lake Cascade until spring runoff 
forecasts are available.  Reclamation will operate Lake Cascade and Deadwood Reservoir 
together to provide irrigation flows and flow targets downstream at the Horseshoe Bend 
gauge on the mainstem Payette River (RM 60.8). 

Figure 15 shows summary hydrographs depicting the range of Reclamation’s proposed 
operation of Cascade Dam and Lake Cascade.  The target refill date for the lake will be from 
June 20 to 25.  Typical irrigation season releases from Lake Cascade will be approximately 
1,500 cfs from June to September.  Flows will exceed 1,000 cfs in 95 percent of years with a 
minimum flow of 283 cfs.  Reclamation will hold Lake Cascade as high as possible during 
the summer months to support recreation and water quality.  Reclamation administrative 
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decision has established a minimum pool of 294,000 acre-feet, which will be met in more 
than 95 percent of years. 

A condition in the Nez Perce Settlement Agreement (2004) requires that in extremely dry 
years when certain flow and storage criteria are triggered, Reclamation will provide up to an 
additional 30,000 acre-feet of water from the Payette River basin for Boise or Payette River 
basin irrigation rental.  When it is necessary to deliver this additional water, Reclamation will 
first use Deadwood Reservoir storage.  In about 5 percent of the years, Reclamation will use 
7,000 acre-feet from Lake Cascade.  In these years, the minimum reservoir volume will be 
287,000 acre-feet. 

During the winter, Reclamation will maintain a 200-cfs target minimum flow below Cascade 
Dam.  From October to February, Reclamation will maintain at least 200 cfs in 85 percent of 
years and at least 195 cfs in 95 percent of years; Reclamation projects the average monthly 
minimum flow be 82 cfs.  Reclamation will change flows on weekday evenings as much as 
possible to protect recreational interests downstream on the North Fork and mainstem Payette 
Rivers. 

Reclamation will also coordinate operations with the Lake Reservoir Company, the operator 
of Payette Lake upstream near McCall, Idaho.  In order to maintain higher levels in Payette 
Lake for summer recreation, Reclamation will release water from Lake Cascade to meet early 
season irrigation demands from Payette Lake.  In mid-August, the Lake Reservoir Company 
will release water from Payette Lake downstream into Lake Cascade to achieve and maintain 
winter pool elevations. 

X. Operations on Mann Creek 
The proposed action includes the storage in and release of water from Mann Creek Dam and 
Reservoir and the diversion of water at the Mann Creek Dam outlet.  These facilities are part 
of the Mann Creek Project in the Weiser River basin on Mann Creek in west-central Idaho.  
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Figure 15.  Summary hydrographs of Reclamation’s proposed action for Lake Cascade storage and 
Cascade Dam outflow (Reclamation 2004a). 
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Other project facilities include control structures on Joslyn and Mann Creek Ditches and 
4.1 miles of rehabilitated Lolley Ditch.  Mann Creek enters the Weiser River at RM 6.8, 
which enters the Snake River at RM 351.8. 

Mann Creek Dam was completed in 1967 on Mann Creek (RM 13.2).  Total storage capacity 
of the reservoir is 12,500 acre-feet, including a 1,400-acre-foot dead pool and a 200-acre-foot 
inactive space.  Mann Creek Reservoir’s annual inflow is about 29,000 acre-feet.  
Reclamation transferred operations and maintenance responsibilities to the Mann Creek 
Irrigation District but retained title to the dam and reservoir. 

Reclamation will operate Mann Creek Dam and Reservoir primarily for irrigation with 
informal flood control operations.  During the irrigation season, Reclamation will release 
water to meet downstream irrigation demands.  During high runoff or between irrigation 
seasons, Reclamation will release water to help fill Barton Reservoir downstream.  Winter 
outflows will be at least 1.5 cfs to fill a winter livestock water right.  In an average year, the 
reservoir will fill in April, will begin to draft in June, and will reach minimum pool levels by 
the end of September.  In dry years, the reservoir may not fill and may be emptied to its 
1,600-acre-foot inactive and dead pool by August. 

XI. Operations on the Burnt River 
The proposed action includes the storage in and release of water from Unity Dam and 
Reservoir.  These facilities are part of the Burnt River Project, which was authorized for 
irrigation.  The Burnt River enters the Snake River at RM 327.7 near Huntington, Oregon. 

Unity Dam, on the Burnt River (RM 63.6), was completed in 1938.  Annual discharge of the 
basin upstream from Unity Dam is about 70,200 acre-feet.  Unity Reservoir has total storage 
capacity of 25,500 acre-feet, including a 530-acre-foot dead pool.  Reclamation transferred 
operation and maintenance of Unity Dam and Reservoir to the Burnt River Irrigation District 
but retained title to the facilities. 

Reclamation will operate the reservoir exclusively for irrigation and will store all inflow 
except during high flow periods when water may be released to limit downstream flooding.  
During the irrigation season, Reclamation will typically release 100 to 200 cfs from the dam, 
although during dry years, outflow may be 0 cfs for most of the year.  Between irrigation 
seasons from September through March, Reclamation will store all inflow, and outflows will 
be 0 cfs unless releases are needed for flood control.  In average water years, Unity Reservoir 
will fill in April, and Reclamation will draft the reservoir to a low pool of less than 
5,000 acre-feet by the end of September.  In dry years, the reservoir may not fill at all, and 
Reclamation may empty the reservoir to the dead pool by September. 
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XII. Operations in the Powder River System 
The proposed action includes storage in and release of water from Mason Dam and Phillips 
Lake and Thief Valley Dam and Reservoir.  It also includes the diversion of water at Savely 
Dam and the Lilley Pumping Plant.  These facilities are all part of the Baker Project on the 
Powder River in eastern Oregon.  The project has two divisions:  The Lower Division, which 
includes Thief Valley Dam and Reservoir, was authorized for irrigation in 1931; and the 
Upper Division, which includes Mason Dam and Phillips Lake, Lilley Pumping Plant, Lilley 
Relift Pumping Plant, and recreation facilities, was authorized for irrigation, flood control, 
conservation measures for fish and wildlife, and recreation facilities in 1962.  The Powder 
River enters the Snake River at RM 295.7. 

A. Mason Dam and Phillips Lake 

Mason Dam, on the Powder River (RM 122.0), was completed in 1968.  Phillips Lake has a 
total storage capacity of 95,540 acre-feet, including 1,490 acre-feet of inactive space and 
3,510 acre-feet of dead space.  Reclamation transferred operation and maintenance to the 
Baker Valley Irrigation District but retained title to the facilities. 

Reclamation operates Mason Dam and Phillips Lake for formal flood control and irrigation, 
with recreation and fish and wildlife benefits provided secondarily.  Reclamation operates 
Phillips Lake under formal flood control rules with some space maintained at all times for 
flood control.  In average years, the reservoir will reach its fullest pool (minus flood control 
space) in June (around 70,000 acre-feet); in dry years, it may not fill over 25,000 acre-feet.  
Outflows will not exceed 450 cfs except during an extreme emergency (e.g., in wet years 
during flood control operations), which has occurred in less than 3 percent of years since 
1969.  In average years during the irrigation season, Reclamation will release between 200 
and 300 cfs.  Reclamation will then divert much of this water at the Lilley Pumping Plant 
(RM 96.9).  In dry years, Reclamation will release 50 to 150 cfs during the irrigation season, 
but for short periods, the flow may increase to 200 cfs.  Near the end of the irrigation season, 
Reclamation will have drafted Phillips Lake to approximately 40,000 acre-feet in average 
years; the reservoir may be drafted to its inactive and dead pool volume of 5,000 acre-feet in 
dry years.  After the irrigation season, Reclamation will store all inflow for irrigation except 
a small release of about 10 cfs that will maintain a downstream flow. 

B. Thief Valley Dam and Reservoir 

Thief Valley Dam, on the Powder River (RM 70.0) 16 miles north of Baker, Oregon, was 
completed in 1932.  It has a total storage capacity of 13,477 acre-feet, of which 170 acre-feet 
is dead space.  The Lower Powder River Irrigation District operates the dam and reservoir, 
but Reclamation retains the title. 
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Reclamation will store all reservoir inflow for irrigation until the reservoir fills, which 
typically occurs in February.  Reclamation will then pass all inflow.  In an average year, 
Reclamation will release between 300 and 500 cfs from April through June; July through 
September releases are typically in the range of 100 to 150 cfs.  In dry years, outflow during 
this period may be less than 100 cfs.  Reclamation will steadily draft the reservoir and may 
empty it to its dead pool in dry years.  Immediately following the irrigation season, 
Reclamation will store all inflow as outflows are shut off until the reservoir fills in late 
winter.  In average years, there will be little outflow until January, and in dry years, there will 
be little outflow until March.  In average years, Thief Valley Reservoir fills by late February, 
but it may not fill in dry years. 

XIII. Routine Maintenance 
Reclamation has identified the following eight categories of maintenance activities: 

• Routine inspection of all discharge facilities. 

• Periodic testing of all mechanical equipment. 

• Routine maintenance of discharge features and associated equipment. 

• Vegetation control. 

• Rodent control. 

• Crest roadway grading. 

• Debris removal. 

• Maintenance of instrumentation devices. 

Because Reclamation cannot predict future maintenance needs at the facilities, their potential 
effects cannot be fully analyzed here.  Some categories of maintenance activities will not be 
expected to affect threatened or endangered species.  If, in the future, Reclamation 
determines that maintenance they propose to undertake may have an effect on listed species, 
Reclamation should contact the Service to cooperatively determine section 7 consultation 
requirements. 
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Chapter 3 

ENVIRONMENTAL CONDITIONS IN THE ACTION AREA 

This chapter describes the current environmental conditions in the action area with a focus on 
the Snake River basin upstream from Brownlee Reservoir where the proposed action will 
occur.  Natural factors such as geographic setting, hydrology, and climate have affected the 
current environmental conditions.  Multiple anthropogenic factors, such as water use for 
hydroelectric power generation, irrigation, and municipal consumption, have affected water 
quantity.  Both point and non-point sources have significantly altered water quantity. 

I. Geographic Setting and Hydrology 
The Columbia River is the largest river of the Pacific Northwest and the fourth largest river 
in the United States.  The river originates at Columbia Lake in the Rocky Mountains of 
British Columbia, flows for 1,214 miles, and drains approximately 259,000 square miles.  
Fifteen percent (39,000 square miles) of the Columbia River basin is within Canada.  The 
average annual runoff at the mouth of the Columbia River is 198 million acre-feet, with 
average year-round flows of 275,000 cfs, second in the United States only to the Missouri-
Mississippi River system.  The major tributaries of the Columbia River in the U.S. include 
the Snake, Pend Oreille, Bitterroot, Clark Fork, Willamette, Deschutes, John Day, Kootenai, 
Yakima, Flathead, Salmon, and Spokane Rivers. 

The Snake River is the tenth longest river in the United States and is the largest tributary to 
the Columbia River.  It extends 1,038 miles from its origins in Yellowstone National Park in 
Wyoming to its confluence with the Columbia River near Pasco, Washington (see Figure 16).  
Elevations range from about 13,770 feet in the Teton Mountains, Wyoming, to 470 feet at 
Pasco, Washington.  The Snake River basin encompasses approximately 103,089 square 
miles in Idaho, Oregon, Nevada, Utah, Washington, and Wyoming (Hinck et al. 2004; 
EPA 2002). 

The Snake River’s average annual flow is about 14 million acre-feet into Brownlee Reservoir 
and about 37 million acre-feet past Lower Granite Dam.  The Columbia River’s average 
annual flow is about 135 million acre-feet at The Dalles, Oregon, and 198 million acre-feet at 
the river’s mouth (Bonneville Power Administration 2001). 
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II. Climate 
The Columbia River basin has a diversity of ecosystem types ranging from temperate rain 
forest to arid steppes and includes a complex matrix of mountains, high plateaus, deserts, 
river valleys, and deep gorges.  There are eight ecological provinces (ecoregions) within the 
basin (Bailey 1995).  The Intermountain Semi-Desert Province is the largest ecoregion; it 
includes the Wyoming Basin and the plains and plateaus of the Columbia and Snake Rivers. 

The climate of the Snake River basin region is semi-arid with cool temperatures.  The 
average annual rainfall ranges from below 10 to up to 20 inches per year.  Most of the 
precipitation occurs during the winter, with November through January typically the wettest 
months and July and August the driest months.  Snowmelt/runoff is greatest from April 
through July.  Several years of drought have occurred over the last 20 years, though there 
have been years with above average precipitation and runoff such as 1996 through 1998. 

III. Water Use and Quantity 
The Columbia River is an important economic driver in the Pacific Northwest.  Its main uses 
include transportation, irrigation, food, hydroelectric power, and recreation.  This river also 
supports numerous extractive industries such as mining, timber, rangelands, and commercial 
fishing.  These uses and demands on the river have affected water quantity and habitat 
quality and have resulted in listings of impaired waters, fish consumption advisories, and 
threatened and endangered species (Joy and Patterson 1997; Rinella et al. 1999; 
Schneider 2002; Wentz et al. 1998; Williamson et al. 1998). 

The Snake River basin upstream from Brownlee Dam drains about 72,590 square miles.  This 
area includes 31 dams and reservoirs with at least 20,000 acre-feet of storage each.  The 
Corps, Reclamation, Idaho Power, and a host of other organizations own and operate various 
storage and hydropower facilities in the upper Snake River basin.  These facilities have 
substantial influence on water resources, supplies, and the movement of surface and 
groundwater through the region.  The total storage capacity of these reservoirs is more than 
9.7 million acre-feet (Reclamation 2004). 

A. Hydroelectric Facilities 

The Columbia River basin is often cited as the most hydroelectrically developed river system 
in the world (Hinck et al. 2004).  Development of the major dams and storage reservoirs 
within the basin for irrigation, water storage, hydroelectric power, and river transportation 
occurred from the 1800s through the 1970s.  There are more than 150 hydroelectric projects 
in the basin, including 18 dams on the mainstem Columbia and Snake Rivers; these represent 
40 percent of the total hydroelectric power production in the United States (Dietrich 1995).  
Hydroelectric projects are a major source of regional power and also provide for flood 
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control, navigation, recreation, fish and wildlife, municipal and industrial water supply, and 
irrigation.  The Corps operates 13 projects in the Columbia River basin:  Bonneville, The 
Dalles, John Day, McNary, and Chief Joseph Dams on the mainstem Columbia River; Ice 
Harbor, Lower Monumental, Little Goose, and Lower Granite Dams on the Snake River; 
Dworshak Dam on the Clearwater River; Lucky Peak Dam on the Boise River; Libby Dam 
on the Kootenai River; and Albeni Falls Dam on the Pend Oreille River. 

Many of Reclamation’s projects also have power production facilities (e.g., American Falls, 
Palisades, Minidoka, Owyhee, Little Wood, and Boise Projects).  The authorized purposes of 
Reclamation’s impoundments are typically for irrigation and flood control, not hydroelectric 
production.  Therefore, electricity is only generated when water is released to meet irrigation 
and flood control needs.  The discussion in this section is limited to those facilities whose 
operation is part of the proposed action and has the potential to have direct and indirect 
effects to federally listed species and Reclamation’s proposed action.  Table 13 identifies 
those Reclamation storage facilities that have associated powerplants. 

Table 13.  Reclamation storage facilities that have associated powerplants. 

Storage Facility Project Stream and River 
Mile 

Powerplant 
Owner 

Operating and Maintaining 
Entity 

Island Park Dam  Minidoka Project Henry Fork 91.7 Non-Federal  Fremont-Madison Irrigation District 
Palisades Dam  Palisades Project Snake River 901.6 Reclamation  Reclamation 
American Falls Dam  Minidoka Project Snake River 714.0 Non-Federal  Reclamation 
Minidoka Dam  Minidoka Project Snake River 674.5 Reclamation  Reclamation 
Little Wood River Dam 1 Little Wood River Project Little Wood River 78.8  Non-Federal  Little Wood River Irrigation District 
Owyhee Dam  Owyhee Project Owyhee River 28.5 Non-Federal  Owyhee Irrigation District 
Anderson Ranch Dam  Boise Project S.F. Boise River 43.5 Reclamation  Reclamation 
Cascade Dam  Boise Project N.F. Payette River 38.6 Non-Federal  Reclamation 
Lucky Peak Dam 2 Lucky Peak Project Boise River 64.0 Non-Federal  Army Corps of Engineers 

1 The Little Wood River Irrigation District owns the Little Wood River Dam. 
2 The Army Corps of Engineers owns Lucky Peak Dam; Reclamation administers water service and repayment contracts for irrigation. 

Hydroelectric power generation is the largest non-consumptive water use in the upper Snake 
River basin.  Goodell (1988) estimated that 39.4 million acre-feet of water is used to generate 
approximately 2 million megawatts of electricity. 

Idaho Power owns and operates hydroelectric projects on the upper Snake River.  These 
facilities are (from upstream to downstream):  Twin Falls (RM 618), Shoshone Falls 
(RM 614.7), Upper Salmon Falls (RM 581.4), Lower Salmon Falls (RM 573), Bliss 
(RM 560), C.J. Strike (RM 494.0), and Swan Falls (RM 457.7).  These projects have reduced 
the area of free-flowing river habitat by an estimated 37 percent (Service 2004). 

In addition, the presence of dams and their alteration of flows have affected the timing, 
magnitude, frequency, duration, and rate of seasonal changes in river stage and velocity.  
These five components of the natural flow regime regulate ecological processes in river 
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ecosystems (Poff et al. 1997).  Changes to one or more of these components are likely to 
erode the ecological integrity of the system.  For example, load-following (the holding or 
releasing of water to meet fluctuating electrical demand) modifies all five components of the 
natural flow regime.  Load-following results in substantial habitat dewatering at frequent and 
regular intervals above and below a dam.  These effects may continue miles downstream 
from the dam; Irving and Cuplin (1956) measured tailrace dewatering of 7.5 feet per day 
below Bliss Dam and documented 5-foot elevation changes as far as 13.7 miles downstream. 

Idaho Power’s Hells Canyon Complex is the farthest downstream hydroelectric project on the 
mainstem Snake River within Idaho.  Brownlee Dam is the largest project on the mainstem 
Snake River (RM 285); the second dam, Oxbow Dam (RM 272), is 13 miles downstream.  
Hells Canyon Dam (RM 251), the third and lowest project in the Complex, is 21 miles 
downstream from Oxbow Dam.  The Complex has eliminated upstream anadromous fish 
migration in the mainstem Snake River since 1958 when Idaho Power constructed Brownlee 
Dam. 

B. Irrigation Facilities 

Reclamation has been operating in the Columbia River basin since 1904.  They have been 
involved with more than 39 projects, including 72 dams and diversions and over 4,700 miles 
of canals (Bonneville Power Administration 2001).  Reclamation delivers water through this 
system to 175 irrigation districts within the Pacific Northwest region, which includes 
approximately 3.9 million acres of irrigated lands with an estimated annual crop value of 
$2.2 billion (Reclamation 1998; Bonneville Power Administration 2001). 

1. Surface Water 

Irrigated agriculture is the largest consumptive water use in the Snake River basin.  Idaho’s 
economy largely depends on irrigated agriculture, which in turn relies on adequate supplies 
of water (Maupin 1995).  In 1990, 71 percent of all irrigated acreage in Idaho was in the 
upper Snake River basin where potatoes, wheat, sugar beets, hay, and barley are the 
predominate crops.  Crops of hay, wheat, and alfalfa, as well as livestock and dairy farming, 
make the area one of the most productive in the state. 

The economy in eastern Oregon also relies on irrigated agriculture.  According to the U.S. 
Department of Agriculture (2002), over 750,000 acres were irrigated during 2002 in Baker, 
Grant, Harney, Malheur, Umatilla, Union, and Wallowa Counties.  In 2003, Malheur County 
was one of the top five producing counties in Oregon for hay, potatoes, wheat, and cattle 
(Oregon Department of Agriculture 2004).  Harney, Baker, Morrow, and Umatilla Counties 
also ranked in the top five for the production of crops.  Nationally, Oregon ranked sixth for 
the production of potatoes. 
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Table 14 illustrates the average total volume of water released from Reclamation reservoirs 
during the irrigation seasons from 1990 to 2003.  On average, Reclamation releases about 
2.98 million acre-feet of water from the upper Snake, Boise, and Payette River systems; 
334,000 acre-feet of water from the Owyhee River system; and about 221,000 acre-feet from 
the remaining Oregon projects.  In total, Reclamation releases an average of about 3.5 
million acre-feet of water per year. 

Gravity-flow and pumped diversions are prominent in the upper Snake River basin.  In 1980, 
almost 8.8 million acre-feet of water were diverted to croplands via gravity-flow and pumped 
diversions from the Snake River and its tributaries (Bigelow et al. 1987; Goodell 1988).  
More than 98 percent of all gravity-flow diversions from the Snake River occur upstream 
from Milner Dam (Goodell 1988).  Diversions from the Snake River downstream from 
Milner Dam are mainly pumped diversions. 

Withdrawals, diversions, and return flows have caused large streamflow fluctuations near 
Milner Dam.  At Milner Dam, irrigation diversions have routinely reduced streamflow to less 
than 10 cfs from July through September (Maupin 1995).  However, a 1980 estimate 
calculated 1.4 million acre-feet of irrigation return flows returning to the Snake River 
between Heise and Milner Dam, and 1.2 million acre-feet of irrigation return flows returning 
to the Snake River between Milner Dam and King Hill (Maupin 1995).  Similarly, return 
flows to the Henrys Fork, Falls, and Teton Rivers in 1980 were about 300,000 acre-feet 
(Garabedian 1992 in Maupin 1995).  Mapping efforts to locate points of tributary inflow and 
agricultural and industrial return flows have identified 243 springs and 105 agricultural 

Table 14.  Average volume of water released from total storage 1 in upper Snake River systems from 
1990 to 2003 (Reclamation 2004). 

Project Area 
Average Volume of Water Released 

During the Irrigation Season 2 
(acre-feet) 

Total 
(acre-feet) 

Minidoka, Michaud Flats, 
Palisades, and Ririe Projects 

Snake River above 
Milner Dam 2,154,000 2,154,000

Boise River System 523,000 Boise Project 
Payette River System 293,000 

816,000

Owyhee Project Owyhee River System 334,000 334,000
Beulah Reservoir 37,000 
Warm Springs Reservoir 93,000 

Vale Project 

Bully Creek 19,000 
149,000

Thief Valley 14,000 Baker Project 
Phillips Lake 37,000 

51,000

Burnt River Project Unity 21,000 21,000
Grand Total  3,525,000

1 Does not include Mann Creek or Little Wood Projects. 
2 Average volume was obtained by subtracting minimum storage from maximum storage during the April to October irrigation season. 
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points of return flow between Milner Dam and Buhl.  Most of the return flows were between 
Milner Dam and Twin Falls (Maupin 1995). 

2. Groundwater 

Over the last few decades, the use of groundwater for irrigation in the Snake River basin has 
increased.  In 1980, 1.2 million acres on the Eastern Snake River Plain were irrigated with 
1.9 million acre-feet of groundwater and 8.8 million acre-feet of surface water.  In 1990, 
groundwater use had increased more than 3-fold, with 2.5 million acres irrigated with 
6.6 million acre-feet of groundwater and 7.6 million acre-feet of surface water. 

Groundwater discharge from springs restored more than 6,500 cfs to the Snake River 
between Milner Dam and King Hill in 1980 (Kjelstrom 1992).  This represented more than 
50 percent of the average annual flow at Lower Salmon Falls.  Kjelstrom (1992) reported, 
however, that groundwater discharge to the Snake River has varied as recharge conditions 
have changed.  From 1902 to the early 1950s, groundwater discharge increased as flood 
irrigation developed on the north side of the river (see Figure 17).  Since that time, drought 
conditions, increased groundwater pumping from the Eastern Snake River Plain aquifer, and 
a shift to sprinkler from flood irrigation practices have caused flows to generally decline 
(EPA 2002). 

AVERAGE ANNUAL SPRING DISCHARGE TO SNAKE RIVER BETWEEN MILNER AND KING 
HILL
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Figure 17.  Aggregate spring flows to the Snake River from 1902 to 2003 (W. Ondrechen, pers. 
comm., 2004). 
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From 1980 to 1990, the population of Idaho increased 6.6 percent.  The greatest increases 
were in Boise in southwestern Idaho; Idaho Falls and Pocatello in eastern Idaho; Twin Falls 
to Burley in southern Idaho; and Lewiston and Coeur d’Alene in northern Idaho.  Most of the 
urban communities are clustered near the Snake River or along its floodplain, and rural 
communities are scattered in tributary valleys and farther from the Snake River on the 
Eastern Snake River Plain (Maupin 1995).  Increased demand for water likely will 
accompany continuing increases in the Idaho population, especially for industrial and 
municipal uses, predominantly from groundwater sources. 

3. Other Factors Affecting Water Quality 

Idaho leads the United States in trout production for commercial sale.  Approximately 
34 million pounds, or 74 percent of the food-size trout produced nationally, is produced in 
Idaho (Idaho Agricultural Statistics Service 2004).  All of Idaho’s major aquacultural 
facilities are in the upper Snake River basin; most are on the Snake River between Milner 
Dam and King Hill.  At least 140 other smaller aquacultural facilities are along the Snake 
River and its tributaries between Twin Falls and Hagerman (Maupin 1995).  Aquaculture is a 
non-consumptive use of water because the only measurable volume of water lost is from 
evaporation.  From 1985 to 1990, the 12 major aquacultural facilities in the basin discharged 
about 787,000 acre-feet per year to the Snake River (Maupin 1995). 

Rates of evaporation for open water in the upper Snake River basin are estimated at 20 to 
45 inches per year, with an average of 34 inches per year (Farnsworth et al. 1982).  In 1990, 
the estimated evaporation from about 110,000 acres of open water in this area was about 
400,000 acre-feet (Maupin 1995).  Evapotranspiration rates are estimated to range from 1 to 
6 feet per year, with average rates of 1.6 feet per year for surface-water irrigated crops and 
1.4 feet per year for groundwater-irrigated crops (Kjelstrom 1992).  Goodell (1988) estimated 
that in 1980, almost 3.5 million acre-feet evapotranspired from surface-water irrigated crops.  
More water per acre is applied to crops irrigated with surface water (usually flood irrigated) 
than with groundwater (usually sprinkler irrigated).  Evapotranspiration rates for non-
irrigated lands are not available, but rates in the Raft River Valley south of the Eastern Snake 
River Plain were estimated to be 89 percent of the precipitation in 1980. 

IV. Water Quality 

A. Surface Water 

Several large-scale programs (such as the Bi-State Water Quality Program and the National 
Water Quality Assessment) and focused studies in the Columbia River basin have cited 
agriculture and agriculture return flows as contributing to degraded water quality, although the 
extent of the degradation is not well understood (Schneider 2002).  In addition, dams on the 
Columbia and Snake Rivers are noted for contributing to degraded water quality 
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(Schneider 2002).  These dams affect water temperature, increase dissolved gases (mostly 
nitrogen), modify flow regimes, act as sediment traps, and are associated with industrial spills. 

The lower Columbia River has numerous impairments due to “legacy” agricultural chemicals 
and industrial wastes such as DDT (dichlorodiphenyltrichloroethane), DDE 
(dichlorodiphenyldichloroethylene), dieldrin, phthalates, and PCBs (polychlorinated 
biphenyl) (EPA 2002).  DDT and DDE are also noted for impairing reaches throughout the 
Yakima, lower Willamette, lower Snake, Walla Walla, and Pudding Rivers and numerous 
creeks and reservoirs that are predominately in agricultural areas.  Dieldrin impairments are 
also common in agricultural areas in the lower Columbia, middle and lower Willamette, 
Yakima, Owyhee, and Palouse Rivers and many creeks (EPA 2002). 

Nutrient impairments, which include nitrates and phosphorus, are widely distributed 
throughout the Columbia River basin in smaller watersheds and on larger rivers, including 
the lower Willamette, Clark Fork, Spokane, Umatilla, and Malheur Rivers (EPA 2002).  
Most metal impairments are associated with mining activities and urban areas such as 
Portland and Spokane (EPA 2002).  Arsenic impairments occur from the mouth of the 
Columbia River to McNary Dam, and mercury impairments occur on the Yakima, Owyhee, 
Columbia (Roosevelt Lake to the Canadian border), and Snake Rivers (Washington border to 
the Salmon River) (EPA 2002). 

The Oregon Department of Environmental Quality (2004) monitored 136 sites statewide.  Its 
results showed that water quality in the Burnt River downstream from Huntington, Oregon, 
was shown to have the largest significant decrease in water quality for the water years from 
1994 to 2003.  Factors identified as leading to degradation in water quality may include 
increased levels of point or non-point source activity or decreased flows.  Of stream sites 
monitored in eastern Oregon, only the Powder River at Baker City (RM 119.3) was rated as 
having “good” water quality.  Monitoring sites on the Malheur River near Ontario (RM 0.5) 
and at Little Valley (RM 49.0) were rated as “very poor,” as were sites on Bully Creek 
(RM 2.3), Willow Creek (RM 4.3), the Owyhee River (RM 2.9), and Powder River 
(RM 32.1). 

1. Point Source Discharges 

Point source pollution is defined as having a recognizable location of release for pollutants 
from a pipe, ditch, channel, surface spill, etc., that may be discharged (Idaho Department of 
Environmental Quality 1993).  The EPA regulates point source discharges under the Clean 
Water Act.  National Pollutant Discharge Elimination System (NPDES) permits may be 
issued based on the effluent and volume that a facility will be discharging into waters of the 
United States.  The EPA maintains the NPDES permits in cooperation with the Idaho 
Department of Environmental Quality.  In Oregon, authority for writing and issuing permits 
lies with the State.  These permits provide guidelines and monitoring requirements to 
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maintain compliance with water quality standards in the waterbody where the effluent is 
being discharged. 

Aquaculture facilities in Idaho are known to contribute significant quantities of nutrients to 
the Snake River.  Most of these nutrients are derived from metabolic wastes of the fish 
(nitrogenous waste and feces) and unconsumed fish food.  Several aquaculture facilities also 
include fish processing facilities, and some of the processing wastes enter the Snake River.  
Other wastes and residues from fish farms include disinfectants, bacteria, and residual 
quantities of drugs used to control disease.  These operations contribute approximately 
13 percent of the nitrogen and 35 percent of the phosphorous of the total measured nutrients 
in the Snake River, as well as an estimated 29,700 pounds of suspended sediments per day 
(Clark et al. 1998; Brockway in EPA 2002). 

The four main urban centers in the Snake River basin that contribute large volumes of urban 
discharge to the Snake River are Idaho Falls, Pocatello, Rexburg, and Twin Falls.  Together, 
they contribute an annual discharge of over 23,000 acre-feet into the river. 

Several food-related facilities upstream from Twin Falls annually discharge greater than 
400,000 pounds of nitrates and ammonia into the Snake River.  In addition, the Boise River 
upstream from its confluence with the Snake River received greater than 700,000 pounds of 
nitrates from a food processing facility and ammonia from an aquaculture operation.  The 
Snake River, after its confluence with the Boise River, received an additional load 
(160,000 pounds in 1996) of nitrate compounds from a third food-related facility (Hinck et 
al. 2004).  Other discharges into the Snake River from 1995 to 1997 include zinc (more than 
6,000 pounds), methanol (300,000 pounds), and formaldehyde (more than 5,000 pounds) 
from a pulp and paper mill near Lewiston, Idaho. 

2. Nonpoint Source Discharges 

Nonpoint pollution sources are diffuse, intermittent, and individually and collectively 
introduce insignificant amounts of contaminants to waters in the basin.  Nonpoint source 
pollution is defined as present when the concentration of pollutants exceeds natural levels in 
surface or groundwater.  Nonpoint source pollution to surface water may occur when 
pollutants enter the water through overland flow.  Agriculture, grazing, atmospheric 
deposition, mining, and logging are human activities that contribute nonpoint source 
pollution to surface water.  Nonpoint source pollution to surface water in the Snake River 
predominantly includes sediment, nutrients, and bacteria from agricultural runoff and non-
irrigated cropland. 

Over 150,000 acres of irrigated land in counties adjacent to the middle Snake River (Milner 
Dam to King Hill) are believed to mobilize an average 4.9 tons of eroded topsoil per acre per 
year into the air and surface waters.  Along with other sources of erosional sediment, it is 
estimated that, on average, over 300,000 pounds of soil are washed into the Snake River 
daily (EPA 2002).  Coming from fertilized fields, these irrigation returns also contribute a 
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significant quantity of nutrients to the river, totaling 16 percent of the total nitrogen and 
13 percent of the total phosphorous measured within the reach from Milner Dam to King 
Hill.  These high levels of nutrients contribute to the degradation of water quality and habitat 
in the river by making the river more eutrophic with excessive growth of macrophytes and 
algae.  Clark et al. (1998) found pesticides in most streams, fish tissues, and irrigation canals 
that were sampled in the upper Snake River basin.  Some irrigation drains were found to 
contain insecticide concentrations exceeding the EPA’s standards for aquatic life. 

3. Other Sources 

Infrequent and unpredictable contaminant spills represent a historical and ongoing threat for 
aquatic species in the action area.  Examples of contaminant spills include underground leaks 
of petroleum compounds into the Snake River at the Burley Terminal and a PCB transformer 
spill at Marsing (S. Burch, in litt., 1998).  Both of these events were due to practices that 
were undertaken many years previous to the discovery of the spill.  Devastating contaminant 
spills (e.g., extirpation of all aquatic life for several river miles) on other western rivers (e.g., 
the John Day and Sacramento Rivers) provide clear examples of the “sterilizing” effects that 
such one-time events can have on the aquatic biota over many miles of stream (Service et 
al. 1994; California Department of Fish and Game 2000).  Depending on the toxicity of the 
compounds that are introduced into the river in the event of a spill, the impacts to the river 
ecosystem, its biota, and the downstream human users could be severe (e.g., PCBs from a 
generator transformer leak). 

B. Groundwater 

The Eastern Snake River Plain aquifer is the predominant groundwater feature in the upper 
portion of the Snake River basin.  The aquifer has been estimated to contain approximately 
1 billion acre-feet of groundwater, and annually supplies approximately 40,000 acre-feet of 
water for drinking and nearly 2 million acre-feet for irrigation an industry (Idaho National 
Engineering Laboratory 2005a).  The upper 500 feet of the aquifer may store 200 to 
300 million acre-feet of water.  Depletions are partially replenished by recharge from surface 
water irrigation, precipitation, and tributary inflow.  This recharge introduces pollutants into 
groundwater, which then discharges via seeps and springs into surface water. 

Past practices at the U.S. Department of Energy’s Idaho National Engineering Laboratory 
have resulted in contamination of the aquifer (Idaho National Engineering 
Laboratory 2005b).  The Idaho National Engineering Laboratory covers 890 square miles in 
southeastern Idaho near Idaho Falls.  For approximately 50 years, the Idaho National 
Engineering Laboratory has conducted research in nuclear energy and was a major processor 
of the U.S. Department of Energy’s and U.S. Navy’s spent nuclear fuels.  The use of 
injection wells, sewage drainfields, and unlined disposal ponds in the past resulted in an 
estimated 27,500 acre-feet of contaminated groundwater Idaho National Engineering 
Laboratory 2005b).  Clean-up actions have been underway using existing technologies (Idaho 
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National Engineering Laboratory 2002), and monitoring by state and Federal agencies 
continues.  The plume is not expected to reach the Snake River. 

A recent Idaho Department of Environmental Quality (2000) nitrogen study of discharges 
from five springs that discharge along the north canyon wall of the Snake River (Box Canyon 
Springs, Crystal Springs #1 and #2, Clear Spring, and Niagara Springs) illustrates how 
changes in land uses with the Eastern Snake River Plain affected groundwater quality.  Water 
quality data were available for the springs from 1991 through 1999 or 1994 through 1999.  A 
result of a linear regression analysis on the data indicates that nitrate+nitrite concentrations 
increased significantly for each of the five springs.  The major sources of potential nitrogen 
loads and estimated percent contributions included:  commercial fertilizer (54 percent), cattle 
manure (combined beef and dairy, 42 percent), legume crops (2 percent), human waste 
(1 percent), and precipitation (1 percent).  The estimated nitrogen contribution from the 
5 sources is about 28 million pounds per year. 

C. Water Quality Standards and Total Maximum Daily Load Limits 

Rivers, streams, and lakes that do not meet water quality standards to support designated 
beneficial uses (e.g., cold-water biota and salmonid spawning) are listed as impaired.  
Section 303(d) of the Clean Water Act requires each state to assess all surface waters and list 
those that are impaired.  The States of Oregon and Idaho determine the condition of their 
waters using data acquired during chemical, physical, and biological monitoring studies; 
these data also help the States design appropriate water quality controls.  For each “water 
quality limited” segment on the 303(d) list, the Idaho or Oregon Department of 
Environmental Quality develops a Total Maximum Daily Load (TMDL).  The TMDL 
identifies the total amount of a pollutant (load) that the receiving waters can assimilate while 
maintaining water quality standards; the TMDL also allocates these loads to the various 
contributing sources. 

The Idaho Department of Environmental Quality’s draft 2002 Integrated Report identified 
approximately 29 percent of the surface waters in Idaho as attaining water quality standards 
(Idaho Department of Environmental Quality 2004).  The report also identified 7,726 miles of 
stream that had been included on the 1998 303(d) list and were carried over into 2002 as 
impaired due to flow or habitat alteration.  However, these factors are not considered pollutants 
under the Clean Water Act.  Pollutants identified on the 303(d) list fall into several major 
groups, which include sediment, nutrients, metals, bacteria, oxygen demand, and pesticides.  In 
the 1998 Integrated Report, approximately 1,980 stream miles listed as not attaining water 
quality standards occur in the action area. 

Sediment is the most prevalent parameter identified on the 1996, 1998, and 2002 Idaho 
303(d) lists (over 90 percent of all segments include listings for sediment).  Sediment can 
play a major role in the fate and transport of nutrients, bacteria, metals, and toxics.  In 
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addition, land disturbance that affects the input of sediment into aquatic systems is a key 
consideration relative to habitat alteration. 

Aquaculture and crop agriculture are major contributors of sediment and other solids to the 
Snake River between Milner Dam and King Hill.  In addition to sediment, phosphorus and 
nitrogen are primary pollutants impairing water quality in this part of the action area.  Among 
sources of phosphorus, aquaculture is the biggest contributor, with inputs from municipal and 
aquacultural activities.  Agricultural discharges, including cattle grazing and feedlots, are 
major sources of nitrogen, but spring discharges account for the large majority of that 
pollutant (Idaho Department of Environmental Quality 1995; EPA 2002).  This information 
pertains to only a limited portion of the action area, although it may also be instructive in 
terms of pollutant sources and water quality throughout the action area. 

D. Fish Consumption Advisories 

Fish consumption advisories are meant to protect human health and are indicators of water 
quality in an area.  States issue advisories after assessing the results of laboratory analysis of 
fish tissue in an area. 

Three of the six fish consumption advisories posted for Idaho are in the action area.  
Brownlee and C.J. Strike Reservoirs are on the mainstem Snake River and are listed for 
concerns for human health and the consumption fish tissue that has elevated concentrations 
of mercury.  Lake Lowell, an off-stream storage reservoir that is part of Reclamation’s Boise 
Project, also has a mercury advisory. 

Many tributaries to the Columbia River also have fish consumption advisories for pollutants, 
including arsenic, creosote, pentachlorophenol, mercury, PCBs, dioxins, DDT, and DDE 
(EPA 2004). 

V. Introduced Species 
Degraded water quality and habitat conditions in the action area are well demonstrated by the 
success of multiple non-native, invasive aquatic and riparian species.  Less-developed higher 
elevation tributaries of the upper Snake River basin, such as the Salmon and Clearwater 
Rivers, are in generally good condition and support native species (Clark et al. 1998).  In the 
action area for this Opinion, however, altered water quality and quantity and perturbations of 
the hydrograph have adversely affected native species and provided conditions favorable to 
non-natives.  For example, anadromous fishes have been eliminated from the area above 
Hells Canyon, and natives such as sturgeon and the threatened and endangered Snake River 
snails have experienced severe declines in distribution and abundance.  At the same time, 
alien and non-game species tolerant of poor water quality and altered aquatic habitat 
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conditions have thrived.  In reservoirs in the action area, catostomids (suckers), northern pike 
minnow, and cyprinids like European carp can dominate the fishery (EPA 2002). 

The most notable introduced species into the Snake River is the New Zealand mudsnail 
(Potamopyrgus antipodarum), which is now present and locally abundant throughout much 
of the river.  The New Zealand mudsnail flourishes in watercourses with relatively low 
dissolved oxygen and with substrates of mud or silt, but it is also known to reach high 
densities within some of the cold water springs (Richards et al. 2001).  Although the New 
Zealand mudsnail can occupy aquatic habitats with higher water velocities, it appears to 
reach higher densities in slow-moving waters (Richards et al. 2001).  Observations suggest 
that this alien snail may have a competitive advantage over native endemic species in river 
reaches affected by impoundments, restricted flows, or macrophyte growth.  Both Cada 
(2001) and Kerans (2001) found evidence that high densities of New Zealand mudsnails 
resulted in reduced densities of native aquatic insects (diptera larvae, mayflies, stoneflies, 
and caddisflies).  Gustafson (in Richards et al. 2001) noted declines in native snails in the 
presence of growing mudsnail populations.  Anthropogenic alterations of the Snake River, 
including the presence of dams and hydroelectric operations, have increased or are partially 
responsible for this invading snails’ success (Bowler et al. 1993). 
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Chapter 4 

BALD EAGLE 

I. Status of the Species 

A. Regulatory Status 

The Service (1995) reclassified the bald eagle (Haliaeetus leucocephalus) from endangered 
to threatened in all lower 48 states.  The Service has not designated any critical habitat for the 
threatened population of bald eagle in the lower 48 states. 

In 1999, the Service published a proposal to remove the bald eagle from the list of threatened 
and endangered species, although not all of the recovery goals had been met at the time.  
Threats to the species have been eliminated or substantially reduced throughout its range in 
the lower 48 states.  At the time of the writing of this Opinion, the Service has taken no 
further action in the delisting process. 

B. Description of the Species 

The Service’s listing package (1995), the bald eagle recovery plan (1986), and the delisting 
package (1999) present a detailed account of the taxonomy, ecology, and biology of the bald 
eagle.  This chapter provides information pertinent to this consultation. 

The bald eagle is a large raptor and the only endemic representative of the fish eagle or sea 
eagle family in North America.  Adults average about 0.9 meters from head to tail, weigh 
approximately 4.5 to 5.5 kilograms, and have a wingspread that can approach 2.4 meters.  
Like most birds of prey, the bald eagle exhibits sexual dimorphism with the females 
weighing more than the males.  Fish are the primary food source; however, bald eagles will 
also take a variety of birds and mammals (both live and as carrion) when fish are not readily 
available. 

C. Status and Distribution 

The bald eagle ranges throughout much of North America, nesting on both coasts and north 
into Alaska, and wintering as far south as Baja California.  The Service’s delisting proposal 
(1999) estimated almost 5,000 breeding pairs in the coterminous United States, compared to 
417 in the mid-1960s.  Eagles are well distributed throughout the Midwest, upper Midwest, 
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and Rocky Mountain states.  The Pacific Recovery Zone, which includes California, Idaho, 
Montana, Nevada, Oregon, Washington, and Wyoming, had a total bald eagle population of 
an estimated 1,480 breeding pairs in 1998. 

The number of occupied bald eagle territories within Idaho increased steadily throughout the 
1980s and 1990s.  The Idaho Department of Fish and Game reported that there were 
128 breeding pairs in Idaho in 2002 (Sallabanks 2003a) and 146 breeding pairs in 2003 
(Sallabanks 2003b).  The largest concentrations are in the Pend Oreille River drainage in 
northern Idaho, in the southeast part of the state associated with the Snake River and Henrys 
Fork, and within the North Fork Payette River, including Lake Cascade, in southwestern 
Idaho (Sallabanks 2003a).  In Oregon, Isaacs and Anthony (2004) estimated 441 occupied 
breeding territories.  Within the portion of Wyoming in the action area, 37 territories have 
been occupied in each of the last 3 years; Patla (in Reclamation 2004a) speculates that the 
available nesting habitat in this area of Wyoming is likely saturated. 

D. Life History 

Breeding pairs of bald eagles show a high degree of nest-site fidelity (Jenkins and Jackman 
1993), repeatedly returning to the same nest site.  The breeding season varies throughout the 
United States.  In the Pacific Northwest, the nesting season generally extends from January to 
mid-August (Service 1994), although young are not normally produced until March. 

Bald eagles are associated with aquatic systems, including estuaries, large lakes, reservoirs, 
major rivers, and some seacoast habitats.  The availability of suitable nest and perch sites 
near large, open water bodies influences their distribution.  Bald eagles demonstrate a 
remarkable ability to tolerate habitat variability, which makes it difficult to identify specific 
habitat requirements and nesting behaviors throughout their range. 

1. Nesting Habitat 

Bald eagles in the Pacific Northwest typically nest in multi-storied stands with old-growth 
components (Anthony et al. 1982) that are near a water body with an adequate food source.  
Availability of suitable trees or sites for nesting, perching, and roosting is critical for success 
within a nesting territory.  Nest tree species may vary considerably throughout the Pacific 
Northwest region.  In Idaho, bald eagles most often use large cottonwoods, ponderosa pines, 
and Douglas-fir trees (Service 1986).  In western Wyoming, bald eagles may use lodgepole 
pine, blue spruce, Engelmann spruce, Douglas-fir, narrowleaf cottonwoods, and limber pine 
(Service 1986).  Bald eagles are sensitive to human disturbances during the breeding season, 
and human activity near a nest site may result in abandonment or other reproductive failures. 

2. Wintering Habitat 

Bald eagles winter in the Pacific Northwest from approximately November through March 
and are generally associated with open, ice-free water near abundant food sources.  Perch 
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sites and communal night roosts are an essential part of bald eagle biology during the winter.  
The bald eagle uses a variety of substrates as daytime hunting and loafing perches; proximity 
to a food source and clear line of site are probably the most important factors influencing 
perch selection.  Communal night roosting sites have different habitat features than diurnal 
perch sites.  In general, communal night roosts are in uneven-aged stands of trees that 
provide some protection from inclement weather.  Bald eagles will generally use the most 
common large tree type in the area for both perch sites and communal night roosts 
(Kaltenecker et al. 1994).  Along rivers, lakes, and reservoirs, wintering eagles most often 
choose deciduous tree species such as large cottonwoods, oak, maple, willow, or aspen for 
roosting (Swisher 1964, Lint 1975, Platt 1976, and Krauss 1977 in Kaltenecker et al. 1994).  
Human disturbance may also affect wintering eagles, particularly near roosting habitats 
(Kaltenecker et al. 1994). 

E. Population Dynamics 

The Pacific Recovery Region has the following delisting goals:  a minimum of 800 nesting 
pairs with an average reproductive rate of 1 fledged young per pair and an average success 
rate per occupied site of not less than 65 percent over a 5-year period.  Breeding population 
goals should be met in at least 80 percent of the management zones.  Wintering populations 
should be stable or increasing. 

Surveys in 2001 in Idaho indicated that of 135 nesting territories checked, 113 were 
occupied, 80 were successful (71 percent), and 33 failed or had an unknown outcome 
(29 percent).  Overall, statewide monitoring categories indicated stable trends 
(Sallabanks 2002).  Surveys in Oregon in 2004 indicated that of 459 breeding areas checked, 
441 were occupied, 266 were successful (60 percent), and 175 failed or had unknown 
outcomes (40 percent).  The year 2004 marked the third consecutive year the 5-year 
productivity for Oregon was greater than the recovery criterion of 1.0 young per occupied 
nest established for the Pacific Recovery Region (Isaacs and Anthony 2004). 

F. Conservation Needs 

The conservation needs of bald eagles vary among the distribution areas throughout the 
United States.  However, in general, bald eagles need nesting and wintering habitat (foraging, 
perching, and roosting sites) near adequate food sources in areas with relatively limited 
human disturbance.  The Pacific bald eagle recovery plan (Service 1986) identified the 
protection and management of breeding and nonbreeding habitat as a primary consideration 
for meeting recovery criteria. 

The recovery plan (Service 1986) also identified a suite of threats that were responsible for 
the decline of the bald eagle and its subsequent listing under the Act.  Threats include habitat 
loss, shooting, use and effects of organochlorine pesticides, secondary lead poisoning, effects 
of other environmental contaminants (e.g., organophosphates, mercury, PCBs) and lethal 
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poisons, and electrocutions.  Many of these threats have now been ameliorated, and the 
populations of bald eagles within the Pacific Recovery Zone have been increasing. 

II. Environmental Baseline 
Regulations implementing the Act (50 CFR §402.02) define the environmental baseline as 
the past and present impacts of all Federal, State, or private actions and other human 
activities in the action area.  The environmental baseline also includes the anticipated impacts 
of all proposed Federal projects in the action area that have already undergone section 7 
consultations and the impacts of state and private actions that are contemporaneous with the 
consultations in progress. 

A. Status of the Species in the Action Area 

The action area in Idaho, Oregon, Washington, and Wyoming is in the Pacific Recovery 
Area.  Monitoring and productivity surveys (Sallabanks 2003a, 2003b; Isaacs and 
Anthony 2004) show stable or increasing numbers of bald eagles throughout the action area. 

The annual reports of Beals and Melquist (1996, 1997, 1998, 1999, 2001) and Sallabanks 
(2002, 2003a, 2003b) continue to document bald eagle breeding success in Idaho.  Isaacs and 
Anthony (2004) documented breeding success in Oregon.  Patla (in Reclamation 2004a) 
compiled productivity reports for the years 2001 through 2003 to describe breeding success 
in Wyoming.  The following sections incorporate data from these references without further 
citations. 

1. Snake River Basin above Milner Dam in Wyoming and Idaho 

The Snake River in this area is part of the Pacific bald eagle recovery plan and supports 
significant populations of both breeding and wintering bald eagles.  In 2003, there were 
54 occupied territories in the Idaho portion of the Snake River basin above Idaho Falls, 
Idaho, and an additional 37 in Wyoming (Sallabanks 2003a; Whitfield et al. 2003).  
Populations along the Snake River in Wyoming have increased from 9 occupied nest areas in 
1978 to 37 in 2003, and Patla (in Reclamation 2004a) indicated that eagle nesting habitat in 
the area is likely saturated.  Table 15 shows 2003 occupation and productivity data for bald 
eagle territories in the Snake River basin upstream from Idaho Falls, Idaho.  Only one nesting 
territory exists on the mainstem Snake River from American Falls Dam downstream to 
Milner Dam. 

In Idaho, more than 60 routes are surveyed annually during the National Mid-Winter Bald 
Eagle Count (Steenhof et al. 2004), including more than 10 routes and 25 surveys on the 
Snake River above Milner Dam.  Bald eagles use the Snake River in this area extensively in 
the winter and are primarily associated with black or narrowleaf cottonwood galleries 
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between Palisades Dam and American Falls Reservoir.  Data collected from 1986 to 2000 in 
this area indicate a generally increasing trend for wintering bald eagles, although declining 
numbers have been recorded at 7 of 13 routes (Steenhof et al. 2004). 

Jackson Lake ices over in most winters and is not known to support wintering eagles.  The 
Snake River downstream from Jackson Dam supports year-long resident bald eagles, with 
pairs both breeding and wintering there in the same year.  On the mainstem Snake River 
downstream from the Wyoming/Idaho state line, there is an extensive cottonwood forest that 
provides ample suitable bald eagle breeding and wintering habitat.  Mid-winter counts have 
documented from 12 to 70 eagles using the mainstem Snake River in this area.  There are 
23 breeding territories along the mainstem Snake River and at Palisades and Ririe Reservoirs 
that are currently being monitored.  The nest at Ririe Reservoir was not occupied in 2003, but 
an immature bald eagle was observed downstream in Willow Creek.  This suggests that there 
may be a second nest in the Ririe Reservoir vicinity (Whitfield et al. 2003). 

The Henrys Fork drainage also provides habitat for nesting and wintering eagles.  In 2003, 
there were 28 occupied breeding territories, although only 12 of those were successful and 
produced young.  Limited information indicates that an average of 20 eagles can be found 
wintering along the Henrys Fork (Reclamation 2004a). 

The Snake River below the Henrys Fork confluence downstream to Milner Dam supports a 
substantial number of wintering eagles; an average of about 80 eagles has been documented 
there during mid-winter counts from 1986 to 2000 (Steenhof et al. 2004).  A mature 
cottonwood forest above American Falls Reservoir provides day and night roosting 
opportunities.  Cottonwood habitat is limited below American Falls Dam.  In 2003, 
10 recently occupied breeding territories from Twin Falls upstream to the Henrys Fork 
confluence produced young, including a new territory on Bird Island in Lake Walcott and a 
new nest near Ferry Butte (upstream from American Falls Reservoir) (Reclamation 2004a). 

2. Snake River from Milner Dam to Brownlee Reservoir 

There are two historical bald eagle nesting territories in this reach, but neither has been 
occupied in over 10 years, and they are no longer monitored.  There is significant wintering 

Table 15.  Bald eagle territories in the Idaho and Wyoming portions 
of Management Zone 18, Greater Yellowstone Ecosystem, in 2003. 

Management Zone 18 Idaho Wyoming 
Number of territories 57 43 
Number occupied 56 42 
Percent occupied 0.98 0.98 
Number of young produced 56 39 
Number of young/occupied territory 1.00 0.93 
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eagle use of this reach; mid-winter counts over a 10-year period have documented between 
25 and 56 eagles upstream from Brownlee Reservoir (Steenhof et al. 2004), mostly between 
Milner Dam and Grandview (near RM 486). 

3. Snake River from Brownlee Reservoir to the Columbia River and Columbia River 
to its Mouth 

There are currently three breeding territories in the Hells Canyon Complex below Brownlee 
Dam:  two on the Idaho side of the river below Oxbow Dam and one on the Oregon side 
above Oxbow Dam.  They have all been productive and have fledged at least one every year 
since their discovery (1998-2003).  There are no known breeding territories on the Snake 
River below Hells Canyon Dam (Stinson et al. 2001; Davidson et al. 2004).  However, 
studies recently completed by Idaho Power and Boise State University indicate nesting has 
occurred on Brownlee and Hells Canyon Reservoirs (G. Kaltenecker, pers. comm., 2005). 

There are substantial numbers of wintering eagles along the Snake River and associated 
reservoirs, with higher numbers in the Hells Canyon Complex than in downstream areas 
(Isaacs et al. 1992; Stinson et al. 2001; Davidson et al. 2004).  This may be because 
reservoirs provide a more reliable food source than unimpounded river reaches 
(Holthuijzen 2003).  Trees and cliffs used for perching and foraging are plentiful in the Hells 
Canyon Complex, and 46 night roost sites have been located (Holthuijzen 2003).  The lower 
reaches of the Snake River flow primarily through shrub steppe vegetation where few 
perches occur and there is a potentially insufficient food supply (Davidson et al. 2004).  
From 1988 to 2000, the mid-winter eagle surveys from Brownlee Dam downstream to Hells 
Canyon Dam documented from 11 to 104 eagles (Steenhof et al. 2004). 

Bald eagles are known to nest and winter along the Columbia River.  In 2003, there were 
96 occupied breeding territories in the Columbia River Recovery Zone (Zone 10), an increase 
of 31 territories since 1999.  Most bald eagle use on the Columbia River occurs below The 
Dalles (Stinson et al. 2001). 

4. Little Wood River Reservoir 

The Idaho Conservation Data Center has no records of bald eagle winter or breeding use at 
Little Wood River Reservoir.  There is one known breeding territory that is about 12 to 
15 miles south at Carey Lake. 

5. Boise and Payette River Basins 

The Boise and Payette River basins support both nesting and wintering bald eagles.  Table 16 
shows nest occupancy and productivity statistics for both the Boise and Payette River basins. 
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Table 16.  Bald eagle breeding territory occupancy and production in the Boise and Payette River 
basins from 1995 to 2003. 

Nest Production 1 

Nesting Territory 
1995 1996 1997 1998 1999 2000 2001 2002 2003 

Arrowrock Reservoir 
Arrowrock Y0 Y1 Y2 Y1 N Y1 N Y2 Y1 
Grouse Creek      Y3 Y2 N 2 N 2 
Upper South Fork Arrowrock        Y0 Y0 

Anderson Ranch Reservoir 
Powerline Y1 Y? Y1 Y2 N Y2 Y2 ? Y1 
Featherville Y2 Y1 Y? Y1 Y0 Y1 Y2 Y1 Y0 
Camas Arm (1 and 2)    Y1 Y0 Y0 Y0 N Y1 

Lake Lowell 
Lake Lowell 1 Y0 Y2 Y0 N Y1 Y1 Y1 Y0 Y0 
Lake Lowell 2       Y2 Y0 Y0 

North Fork Payette River below Payette Lake 
McCall Airport  Y2 Y2 Y0 N Y1 Y0 Y1 Y1 
Hait Ranch Y0 Y1 Y2 Y2 Y2 Y2 Y2 Y2 Y0 

Lake Cascade 
Donnelly Y1 Y0 Y1 Y1 Y2 Y1 Y2 Y1 Y1 
French Creek Y1 Y1 Y3 Y3 Y2 Y1 Y2 Y1 Y2 
Poison Creek Y2 Y1 Y1 Y1 Y2 Y0 Y0 N 2 Y0 
Hurd Creek N Y1 Y1 Y1 Y0 Y0 Y0 N N 
Buttercup Y2 Y2 N Y2 N Y2 Y2 Y2 Y2 
Gold Fork N N N N Y2 Y2 Y0 Y1 Y2 
Sugarloaf Y0 Y2 Y1 Y0 Y0 Y2 Y0 Y1 Y1 
Raspberry    Y2 Y0 Y2 Y2 Y2 Y2 
Island/Hot Spring Park       Y0 Y3 Y0 

North Fork Payette River below Lake Cascade 
Cabarton N Y0 Y2 Y2 Y4 Y3 Y0 Y0 Y1 
Boulder Creek      Y2 Y1 Y1 Y2 
Smith's Ferry      Y0 Y0 Y0 Y0 

Deadwood Reservoir 
Deadwood Reservoir  Y2 Y2 Y1 Y2 Y1 Y2 Y1 N 

Summary Totals 
Young Produced 9 16 18 20 17 27 22 19 17 
Occupied Territories 10 14 13 15 13 20 21 18 20 
Successful Territories 6 11 11 13 8 15 12 13 12 
Young / Occupied Territory 0.90 1.14 1.38 1.33 1.31 1.35 1.05 1.06 0.85 
Young / Successful Territory 1.50 1.45 1.64 1.54 2.13 1.80 1.83 1.46 1.42 

1 N is ‘not occupied;’ Y0 is ‘occupied but no young fledged;’ Y1 is ‘one young fledged.’ 
2 Tree blew down in 2001 
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Upper Boise River and Anderson Ranch, Arrowrock, and Lucky Peak Reservoirs 

Arrowrock and Anderson Ranch Reservoirs, and a site just upstream near Featherville, Idaho, 
support six total breeding bald eagle territories.  Average number of young per occupied nest 
has fluctuated between 0 in 1999 to 1.5 in 2001.  Reclamation and the U.S. Forest Service 
jointly prepared management plans for the Arrowrock territory (Perkins and 
Kaltenecker 2003) and the Upper South Fork of Arrowrock territory (Perkins and 
Kaltenecker 2004); management plans also exist for the Anderson Ranch and Fairview Creek 
(Featherville) territories (Kaltenecker and Bechard 1990, 1991). 

The upper Boise River (including the Middle and South Forks) and Anderson Ranch, 
Arrowrock, and Lucky Peak Reservoirs collectively comprise an important wintering area for 
bald eagles.  Kaltenecker and Bechard (1995) documented up to 50 eagles wintering at 
Anderson Ranch Reservoir and between 2 and 25 eagles wintering on the South Fork Boise 
River below Anderson Ranch Reservoir.  Up to 15 eagles have been documented wintering at 
Arrowrock and Lucky Peak Reservoirs.  In this basin, wintering eagles begin arriving in late 
October, with peak numbers in late January or early February; they are usually gone by the 
end of March.  Fish are the primary food source for eagles early in the winter; big game 
comprises a larger part of their diet as the winter progresses.  The shift is most likely 
prompted by river and reservoir icing and increased deer and elk carcasses (Kaltenecker and 
Bechard 1995).  Eagles may also take waterfowl opportunistically. 

Lower Boise River 

The Boise River downstream from Lucky Peak Dam supports a significant wintering eagle 
population.  As many as 35 individuals have been documented in a single year.  Most studies 
on wintering eagles have focused on the area between Lucky Peak Dam and the City of 
Boise.  Bald eagles usually arrive in early November, reach peak concentrations in January 
and February, and leave by late March.  Primary prey sources for wintering eagles in the 
lower Boise River include fish, waterfowl and other birds, and mammals.  There are no 
known bald eagle nesting territories in this reach of the Boise River. 

Lake Lowell 

Bald eagles are known to nest and winter at Lake Lowell, which is within the Deer Flat 
National Wildlife Refuge.  Water is diverted from the Boise River into the New York Canal 
at the Boise River Diversion Dam.  This canal ends at Lake Lowell.  Inflows to the reservoir 
are a combination of diverted Boise River water, storm runoff, and irrigation return flows. 

There are two breeding territories at Lake Lowell.  Both were occupied but were 
unsuccessful in 2002, 2003, and 2004 (Sallabanks 2003b; Reclamation 2004a).  Wintering 
eagles begin arriving at Lake Lowell in late October, and use is generally between 10 and 
20 eagles (Reclamation 2004a).  The number of eagles using Lake Lowell in the winter 
largely depends on ice conditions.  Before ice forms, eagles will perch along the shore; after 
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ice forms, eagles will move away from the lake to open water near the New York Canal 
(Taylor and Bechard 1991). 

Lake Cascade and North Fork Payette River 

Lake Cascade on the North Fork Payette River supports substantial numbers of breeding bald 
eagles.  There are currently nine occupied breeding territories around Lake Cascade, although 
only eight were occupied in 2003.  Lake Cascade ices over for most of the winter and is not 
considered an important wintering area.  However, eagles may be observed near open water 
on the east side of the lake near the Hot Springs Creek inlet.  Wintering eagles may also use 
the Cabarton Reach of the North Fork Payette River.  Fish is the primary prey item for bald 
eagles at Lake Cascade and on the North Fork Payette River.  Eagles may also rely on dead 
fish along shorelines during late winter and late summer die-offs (Reclamation et al. 1990).  
Lake Cascade also attracts waterfowl, which provide an additional prey source, particularly 
during early spring and fall migrations. 

Deadwood Reservoir 

Deadwood Reservoir currently supports one bald eagle breeding territory.  The territory has 
been productive every year since 1996 except 2003.  In 2003, the territory was unoccupied 
and an alternate nest was discovered.  The primary food source is fish; Deadwood Reservoir 
supports plentiful numbers of kokanee, whitefish, and trout.  Eagles may also take waterfowl.  
Deadwood Reservoir ices over early and is not considered suitable wintering habitat. 

South Fork and Mainstem Payette River 

There are no known breeding territories on the South Fork or mainstem Payette Rivers.  One 
historical nest occurs within the Montour Wildlife/Recreation Management Area surrounding 
Black Canyon Dam and Reservoir; this nest site has not been occupied in many years. 

Bald eagles use the South Fork Payette River from Lowman to Banks in the winter.  Winter 
counts since 1987 have ranged from 2 to 16 eagles (Steenhof et al. 2004).  The Idaho 
Department of Fish and Game considers this area as critical big game winter range, and 
carrion is thought to be an important food source.  Mid-winter counts of between 4 and 
20 eagles have been documented on the mainstem Payette River from Emmett to Payette. 

6. Owyhee River Basin 

There are currently no known bald eagle breeding territories at Lake Owyhee or on the 
Owyhee River (Isaacs and Anthony 2004).  Larson (1993) indicated that between 20 and 
30 eagles are found wintering at Lake Owyhee and on the lower Owyhee River, and that bald 
eagles migrate through the area in spring and fall.  Wintering eagle numbers fluctuate from 
year to year and within a given year, depending on weather, local prey availability, and other 
factors. 
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7. Mann Creek Reservoir 

There are no nesting bald eagle territories at Mann Creek Reservoir.  Wintering use likely 
occurs at the reservoir and along the Weiser River below the confluence with Mann Creek 
(Reclamation 2004b), although surveys are not conducted in this area.  Generally, there is a 
lack of suitable perch sites at the reservoir, and Mann Creek’s size likely limits bald eagle 
use (Reclamation 2004b). 

8. Malheur River Basin 

The Pacific bald eagle recovery plan targets one breeding territory each at Beulah and Bully 
Creek Reservoirs; however, there are no territories at either.  There are no large conifers and 
few large cottonwood trees in the area, which limits availability of nest sites. 

Wintering eagles are known to use Beulah and Bully Creek Reservoirs and the Malheur 
River downstream from each.  Mid-winter surveys from 1988 to 1997 documented between 1 
and 11 bald eagles along the Malheur River along approximately 80 river miles between 
Beulah Reservoir and Vale, Oregon.  Between zero and two eagles were documented during 
winter counts at Bully Creek Reservoir. 

9. Powder and Burnt River Basins 

Phillips Lake on the Powder River and Unity Reservoir on the Burnt River each support one 
bald eagle breeding territory (Isaacs and Anthony 2004).  The territory at Unity Reservoir has 
been occupied in most years since 1984.  The original nest site was relocated in 1995.  It has 
not been very successful at the new location, fledging young only in 1998 and 1999. 

Wintering eagles use the Powder and Burnt River systems; Isaacs et al. (1992) documented 
between 0 and 15 eagles on the rivers and adjacent agricultural areas.  Between zero and four 
eagles were documented wintering at Phillips Lake and Unity Reservoir.  The highest use 
along the rivers was documented in January and early February; in late February and early 
March, eagles were more common in the agricultural areas. 

B. Factors Affecting Species Environment within the Action Area 

The entire action area is within the Pacific bald eagle recovery plan area.  The recovery plan 
(Service 1986) is the most recent document that outlines bald eagle management 
recommendations for the whole action area.  Several publications discuss appropriate 
management actions at specific nesting areas, such as Arrowrock Reservoir (Perkins and 
Kaltenecker 2003) and Lake Cascade (Reclamation et al. 1990; Kimball and Bechard 2002).  
At Lake Cascade and American Falls, Ririe, and Black Canyon Reservoirs, Reclamation 
manages land surrounding their facilities and has prepared resource management plans 
(Reclamation 1995, 2001b, 2002, 2004b). 
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The construction and past operation of Reclamation facilities and other Federal and private 
dams have had both positive and negative impacts to nesting and wintering eagles within 
the action area.  In general, artificial water bodies such as reservoirs provide a plentiful 
source of prey for bald eagles, and some reservoirs may support numerous nesting 
territories (e.g., Lake Cascade, Palisades Reservoir).  At the same time, some reservoirs at 
Reclamation, Corps, and privately owned facilities throughout the action area experience 
regular water level drawdowns that may decrease habitat quality and availability of fish 
prey species.  Low flows also affect fish habitat below these facilities, particularly during 
winter months.  Van Kirk and Burnett (2004) found that substantial reductions in flows 
occur in the majority of water years below Island Park Dam; low winter flows are known to 
negatively affect juvenile trout survival and rainbow trout recruitment in the Henrys Fork 
in this area (Mitro 1999; Gregory 2000; Mitro and Zale 2002).  However, this area has 
continued to support a world-class trout fishery.  In some areas, the Idaho Department of 
Fish and Game and the Oregon Department of Fish and Wildlife stock game-fish, which 
helps maintain fisheries that may be adversely affected by reservoir or dam operations.  
Dams in some areas have substantially altered flood cycles and the natural hydrograph, 
which in turn has altered the native riparian habitat upon which bald eagles depend.  
Despite this, bald eagle numbers throughout the action area have continued to increase over 
the last 25 years. 

1. Habitat Alteration 

Flood control operations at several sites within the action area (e.g., Palisades, Anderson 
Ranch, and Lucky Peak Dams) have reduced seasonal flooding in the river channels below 
them, which have in turn affected the dynamics of the floodplain and the ability of existing 
black cottonwood forests to recruit and establish new trees (Kaltenecker et al. 1994; 
Merigliano 1996; Moseley 2000; Murphy 2004; Hauer et al. 2004; Reclamation 2004a).  
Bald eagles use cottonwoods for perching, nesting, and roosting. 

Significant information is available regarding the relationship between flows and 
maintenance of the cottonwood forest below Palisades Dam.  Merigliano (1996) suggested 
that cottonwoods pre-dating the construction of Palisades Dam and currently used for 
perching, nesting, and roosting may be lost due to age in coming years.  Hauer et al. (2004) 
reported that parafluvial (the near channel portion of the floodplain) movement needs at least 
15,000 cfs to initiate and reaches the highest movement potential at 20,000 cfs.  However, 
creating new flood channels that cottonwoods can colonize requires sustained (many days) 
flows of over 28,000 cfs to initiate and sustain orthofluvial processes (Hauer et al. 2004).  
Merigliano (1996) suggested that cottonwood-colonizing events along the Snake River 
required sustained flows over 36,000 cfs.  Merigliano (1996) recommended that flows of 
38,000 cfs be reached approximately every 15 years, and Hauer et al. (2004) recommended 
that flows approach 30,000 cfs and remain above 25,000 cfs for 12 to 15 days approximately 
every 11 years. 
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Flood control operations at Palisades Dam currently limit these flows.  From 1911 to 1956, 
the 45 years prior to the completion of Palisades Dam, flows exceeded 36,000 cfs on 28 days 
(over 4 years of occurrences), and flows exceeded 28,000 cfs on an additional 132 days (over 
16 years of occurrences).  From 1957 to 2003, 46 years since the completion of Palisades 
Dam, flows exceeded 36,000 cfs on only 12 days, and flows exceeded 28,000 cfs on an 
additional 4 days (U.S. Geological Survey 2003); all of these post-dam flows occurred during 
1997 when natural flows exceeded the 100-year flood.  Flows above 25,000 cfs were reached 
in 1974 and 1986, although they were only at or above 25,000 cfs for 3 and 7 days, 
respectively.  There are no additional years that flows above 25,000 cfs were reached and 
maintained for the 12- to 15-day periods Hauer et al. (2004) recommended. 

The cottonwood galleries below Palisades Dam experienced some new recruitment following 
the 1997 floods.  However, the forest’s age structure remains strongly skewed toward older 
age classes (approximately 50 to 200 years) (M. Merigliano, in litt., 2005). 

2. Human Disturbance 

Disturbance from recreation is an important factor affecting the quality of bald eagle habitats 
throughout the action area.  Harmata and Oakleaf (1992) anticipated that increased human 
populations and recreational use would reduce bald eagle nesting habitat along the Snake 
River in Wyoming.  Daily disturbance at some reservoirs during the spring and summer 
months were from boaters, fishermen, campers, and picnickers.  Types of human disturbance 
were from boat and bank traffic (Kaltenecker and Bechard 1991).  Although recreation and 
nesting success has been studied at some sites, it is not clear how recreation may affect the 
potential of post-fledging survival of bald eagles (K. Steenhof, pers. comm., 2005). 

In addition, Perkins and Kaltenecker (2003) documented 55 potential human disturbances 
during their 2002 observations of breeding bald eagles at Arrowrock Reservoir.  Most of the 
documented disturbances were associated with boats and personal watercrafts using the 
reservoir, particularly when they moved directly toward the nesting area or perched adult 
eagles or quickly changed speed and direction.  Many of the disturbances did not cause a 
response in the nesting eagles, and the territory was successful.  They noted that disturbances 
are more likely to result in breeding failure when they occur in the early portion of the 
nesting season, which is when recreational disturbances are lowest.  However, they 
anticipated increased recreational use as nearby human populations increase, and they 
recommended protecting the nest area from human disturbances, particularly early in the 
nesting season. 

Recreational activities likely have similar effects on bald eagles at Reclamation facilities 
throughout the action area.  Substantial recreational use occurs at Lake Cascade, Deadwood 
Reservoir, Anderson Ranch Reservoir, Lake Lowell, Palisades Reservoir, and Jackson Lake, 
all of which support bald eagle nesting territories. 
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3. Water Quality 

Several areas, particularly on the mainstem rivers in the action area (such as the Snake River 
and the lower Boise River), experience decreased water quality from agricultural drainage, 
urban runoff, domestic wastewater, and natural causes. 

All of these factors have been documented to affect water quality at Lake Lowell where up to 
two bald eagle nesting territories have been monitored.  Lake Lowell, which is within the 
Deer Flat National Wildlife Refuge, is on the 1998 Idaho 303(d) list of water quality 
impaired water bodies for dissolved oxygen and nutrients and currently has a health 
consumption advisory for mercury in fish tissues.  Water quality deterioration is related to 
nutrient loading and water exchange rates (Reclamation 2001a).  The lake is highly eutrophic 
and susceptible to both algae blooms in the summer and fall and low dissolved oxygen in the 
deeper water layers.  Bacteria contamination can also become a problem at times 
(Reclamation 2001a).  These factors affect fish populations in Lake Lowell, and fish kills 
have been documented.  However, Taylor and Bechard (1991) observed resident adult and 
newly fledged eagles in August feeding mostly on carp and waterfowl, which are not likely 
affected by the nutrient-enriched water quality. 

In 1998, Burch and King (2000) analyzed water, sediment, and fish tissues at Lake Lowell 
for a variety of organic and inorganic contaminants.  They detected DDT and its metabolites, 
heptachlor and dieldrin, in sediments.  DDT was detected at concentrations that fall into the 
“level of concern” category, which could potentially cause contamination in fish, and 
subsequently in piscivorous birds such as bald eagles.  During this analysis, elevated mercury 
levels were also detected in the water column and in the tissue of six fish species; a fish 
consumption human health advisory was subsequently issued in 2003. 

Virtually all of the mercury present in fish tissues is methylated (Grieb et al. 1990; 
Bloom 1992), which is more readily absorbed (Niimi and Kissoon 1994) and is more toxic 
than inorganic mercury.  Mercury is bioconcentrated and biomagnified through the food 
chain.  In 2002, the Service collected eggs from nests of great blue herons at the Deer Flat 
National Wildlife Refuge and submitted the contents of the eggs for analysis to determine 
concentrations of trace elements and organochlorine compounds.  Additional eggs were 
collected from nests of Clark’s/western grebe eggs during 2003 and also submitted for 
analysis.  No eggs were collected from the two bald eagle nests due to their status as a listed 
species.  Results of these analyses found that at Lake Lowell, the mean egg concentrations of 
mercury were below levels known to cause population-level effects but that individual eggs 
of great blue herons and Western/Clark’s grebes exceeded published thresholds for effect 
(C. Thomas and S. Burch, in litt., 2005). 

In addition, laboratory analysis of shed, damaged feathers collected from below two bald 
eagles nests at the Deer Flat National Wildlife Refuge suggested that mercury may be 
accumulating to levels known to cause adverse effects.  However, establishing effect levels 
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using mercury concentrations in feathers must be considered with caution.  Feathers 
represent a route of excretion and not a target organ (Schwarzbach and Hofius 1995).  
Mercury is deposited in feathers at the time of molt, so the mercury content will vary with 
time to last molt, feather type, feather age, and species of the bird (Monteiro et al. 1995).  
Concentrations in feathers ranged from 10.2 to 32.7 micrograms per gram dry weight (µg/
g dw).  Interpretation of effects to birds from concentrations of mercury in feathers varied in 
the literature.  Eisler (1987) reported concentrations between 5 and 40 µg/g in feathers linked 
to impaired reproduction.  Bowerman et al. (1994) found mean mercury in feathers of bald 
eagles in the Great Lakes region of 13 to 21 µg/g but did not find an association between 
mercury concentrations and reproduction.  Although the bald eagle nests at Lake Lowell 
seem to fail more often then succeed in producing eaglets (G. Kaltenecker, pers. comm., 
2005), the exact cause of these failures has not been identified. 

Lake Lowell is acting as a sink for the surrounding areas, which are currently used primarily 
for agriculture.  It has persistent water quality problems including nuisance algal blooms, 
oxygen depletion, and fecal coliform bacteria counts, which can exceed water quality 
standards (Reclamation 1998).  Inflows have been documented to contain high levels of 
phosphorus and other pollutants, and they may continue to contribute to ongoing water 
quality problems.  Although the source of mercury in Lake Lowell is unknown, processes 
such as changing oxidation states and resuspending sediment-bound mercury complexes will 
continue to facilitate the movement of mercury through the system. 

Other areas where water quality may be a concern for bald eagles are Brownlee and Owyhee 
Reservoirs where elevated mercury levels have been documented and a fish consumption 
human health advisory was issued.  In these systems, the source of mercury is likely from 
mining in the Jordan Creek watershed and local runoff from areas near the reservoir with 
naturally high mercury content.  Bald eagles are only known to winter at Owyhee Reservoir, 
however, and the availability of other prey items, such as carrion and waterfowl, likely 
results in less dependency on fish consumption. 

III. Effects of the Proposed Action 
Regulations define effects of the action as “the direct and indirect effects of an action on the 
species or critical habitat, together with the effects of other activities that are interrelated or 
interdependent with the actions, that will be added to the environmental baseline” 
(50 CFR §402.02). 

A. Direct and Indirect Effects 

Direct effects are defined as the direct or immediate effects of the action on the species or its 
habitat.  Indirect effects are defined as those effects that are caused by or result from the 
proposed action, are later in time, and are reasonably certain to occur. 
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The effects from the continued operation of Reclamation facilities in the action area will be 
mostly benign on the existing bald eagle populations in the Snake and Columbia River basins 
that use the reservoirs and associated river reaches.  However, habitat alteration and impaired 
water quality will continue to affect individual bald eagles within the action area. 

Habitat alteration has occurred through ongoing flood control operations at Palisades, 
Anderson Ranch, and Lucky Peak Dams.  The operations of these facilities have reduced 
seasonal flooding in the river channels below them, which have in turn affected the dynamics 
of the floodplain and the ability of existing cottonwood forests to recruit and establish new 
trees (Kaltenecker et al. 1994; Merigliano 1996; Moseley 2000; Murphy 2004; Hauer et 
al. 2004; Reclamation 2004a).  Bald eagles use cottonwoods for perching, nesting, and 
roosting activities.  Human development has also affected existing wintering bald eagle areas 
near Boise, mostly from the destruction of habitats to accommodate development and 
recreational use of the Boise River (Kaltenecker et al. 1994).  A large proportion of the 
cottonwood forests within the action area will likely continue to be composed of trees that 
are skewed toward older age classes.  As the older trees die off, the lack of recruitment of 
young trees due primarily to reduced peak flows will reduce the number of trees available to 
bald eagles.  Based on the age structure of cottonwoods below Palisades Dam 
(Merigliano 1996, in litt., 2005), it is likely that, without recruitment events such as those in 
1997 and those recommended in Merigliano (1996) and Hauer et al. (2004) over the next 
100 years, the cottonwood forest could be substantially reduced.  However, it is unlikely that 
this will occur over the next 30 years covered by this consultation. 

Less information is available regarding the black cottonwood galleries on the Boise River 
downstream from Lucky Peak Dam.  Kaltenecker et al. (1994) indicated that at least a 
portion of this gallery consisted of trees aged 38 to 52 years.  Continued flood control 
operations will likely have a similar effect as those seen below Palisades Dam, reducing 
recruitment potential and thus skewing the age structure to older trees.  As we expect with 
the cottonwood forest below Palisades Dam, the cottonwood galleries below Lucky Peak 
Dam may be adversely affected over the longer term (i.e., over the next 50 to 100 years); 
however, we do not expect significant reductions over the next 30 years. 

Although continued operations at some Reclamation facilities may result in decreased habitat 
availability and quality for some fish species, the Snake River and its tributaries from 
Jackson Lake and the Henrys Fork confluence to the Hells Canyon Complex will continue to 
support an abundant bald eagle prey base under the proposed action.  For example, on the 
Boise River, Kaltenecker and Bechard (1995) and Salow and Hostettler (2004) documented 
significant bald eagle predation on fish in shallow sections of an exposed reservoir bottom 
during reservoir drawdowns in the Boise River basin.  Additionally, although low winter 
streamflows relative to reservoir inflow below Island Park, Palisades, and Lucky Peak Dams 
may result in suboptimal conditions for the fishery, these areas have continued to support a 
robust fish resource and have continued to provide other sources of bald eagle prey, such as 
waterfowl; we expect they will continue do so under the proposed action. 
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Mercury and other contaminants found at Lake Lowell are likely to adversely affect bald 
eagles.  Lake Lowell’s operation makes it a sink for the surrounding area’s runoff, which is 
mostly agricultural.  These inflows have been documented to contain high levels of 
phosphorus and other nutrients, which contribute to algal blooms and oxygen depletion.  In 
effect, these factors may result in changing oxidation states and resuspending sediment-
bound mercury complexes, which facilitate the availability and movement of mercury 
through the system.  Elevated mercury levels have been documented to result in impaired 
reproduction and even acute poisoning leading to death (Thompson 1996 in Beyer et 
al. 1996).  Within Reclamation’s proposed action of water management, the act of storing 
and drafting water at Lake Lowell will likely maintain the current degraded water quality 
conditions in the lake.  This includes nuisance algal growth, low dissolved oxygen levels, and 
the cycling of mercury and other contaminants through the prey base.  The Service 
anticipates that Reclamation’s continued operations are likely to contribute to the reduced 
reproductive success of bald eagles nesting at Lake Lowell. 

B. Effects of Interrelated or Interdependent Actions 

Interrelated actions are those that are a part of a larger action and depend on the larger action 
for their justification.  Interdependent actions are those that have no independent utility apart 
from the action under consideration.  Interrelated and interdependent actions related to the 
proposed action include diversion of storage water by private individuals; agricultural return 
flows from lands at least partially serviced by storage water, Reclamation-owned canals, or 
other delivery sources; and some recreational use on Reclamation-operated reservoirs. 

Due to the nature of bald eagle use in the action area and the Service’s inability to discern 
between effects caused by Reclamation operations and those potentially resulting from 
private agricultural diversions and return flows, we do not anticipate any adverse effects to 
bald eagles from these activities.  Recreation that occurs on Reclamation-operated facilities 
may disturb bald eagles.  However, because the periods when recreational use is likely to be 
highest later in the summer are also when chance of nest failure is lowest (Perkins and 
Kaltenecker 2003), and because Reclamation has implemented protections for bald eagles at 
various facilities (e.g., Reclamation 1995, 2001b, 2002), disturbances are not likely to result 
in measurable effects to the breeding success of bald eagles in the action area. 

C. Cumulative Effects 

Cumulative effects include the effects of future State, tribal, local, or private actions that are 
reasonably certain to occur in the action area.  This section does not consider future Federal 
actions that are unrelated to the proposed action because they require separate consultation 
pursuant to section 7 of the Act. 

Large numbers of non-Federal activities that have effects on the bald eagles occur within the 
action area.  We expect many of these activities to continue in the future, and the effects 
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associated with these activities will continue to adversely affect bald eagles.  Cumulative 
effects to the bald eagle include:  reduced streamflows from water diversions for urban, 
agricultural, and other purposes resulting in habitat loss; degraded water quality as a result of 
polluted runoff from agriculture, aquaculture, and urban and rural areas; and habitat 
degradation associated with urban development and growth. 

1. Agriculture 

Agriculture is extremely important to the economy of southern and central Idaho, eastern 
Oregon, and Washington.  Irrigated croplands are pervasive in these regions, and agricultural 
activities associated with irrigation have potential to adversely affect bald eagles in several 
ways:  diversion of natural flow water resulting in modified or loss of habitat, and runoff of 
irrigation water from natural flow diversions polluted with nutrients, pesticides, and 
fertilizers.  These processes are known to contribute to eutrophication of water bodies and 
poor water quality, which may result in fish or wildlife mortality and contamination of bald 
eagle prey.  Aerial or ground application of pesticides to crops or to control “nuisance” 
species such as starlings may also cause the introduction of pollutants into the food chain. 

2. Urban and Rural Development 

There has been significant population growth in southern and northern Idaho, and 
communities and businesses continue to draw additional residents to these areas.  It is 
reasonable to expect that the human population in south central Idaho and its development-
associated effects on the Snake River will continue to increase.  Urban and rural land uses for 
residential housing, commercial and industrial activities, and recreational activities like 
boating and golf (including course construction and maintenance) all contribute pollutants 
and sediment to the groundwater and to the State’s rivers and tributaries.  Increased demands 
for surface and ground water will accompany the urban growth.  Effects from these activities 
will likely affect bald eagles over the term of the proposed action. 

IV. Conclusion 
After reviewing the current status of the bald eagle, the environmental baseline for the action 
area, the effects of the proposed action, and the cumulative effects, it is the Service’s Opinion 
that the action, as proposed, is not likely to jeopardize the continued existence of the bald 
eagle.  No critical habitat will be affected because none has been designated for this species. 

Throughout the Pacific bald eagle recovery area and in the action area, bald eagle numbers 
remain stable or are increasing.  Although we anticipate some adverse effects to individual 
bald eagles at Lake Lowell as a result of the proposed action and cumulative effects, they 
will not result in a reduction in distribution or abundance of bald eagles in the Pacific 
Recovery Region.  Productivity in Idaho during 2003 was reported as 1.12 young per 
occupied nest, which is above the recovery criterion established for the Pacific Recovery 
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Region of 1.0 young per occupied nest (Service 1986).  Additionally, productivity in Oregon 
during 2004 was reported as 1.03 young per occupied breeding area, which is also above the 
Pacific Recovery Region recovery criterion.  Reclamation operations will continue to present 
adequate foraging opportunities to support a stable to increasing population of bald eagles in 
the action area.  We do not expect population-level impacts over the next 30 years that would 
result in appreciable reductions in the survival and recovery of the species. 

V. Incidental Take Statement 
Section 9 of the Act and Federal regulation pursuant to section 4(d) of the Act prohibit the 
take of endangered and threatened species, respectively, without special exemption.  Take is 
defined as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to 
attempt to engage in any such conduct.  The Service further defines harm to include 
significant habitat modification or degradation that results in death or injury to listed species 
by significantly impairing essential behavioral patterns, including breeding, feeding, or 
sheltering.  The Service defines harass as intentional or negligent actions that create the 
likelihood of injury to listed species to such an extent as to significantly disrupt normal 
behavior patterns, which include, but are not limited to, breeding, feeding, or sheltering.  
Incidental take is defined as take that is incidental to, and not the purpose of, the carrying out 
of an otherwise lawful activity.  Under the terms of section 7(b)(4) and section 7(o)(2), 
taking that is incidental to and not intended as part of the agency action is not considered to 
be prohibited taking under the Act provided that such taking is in compliance with terms and 
conditions of this incidental take statement. 

A. Amount or Extent of the Take 

The Service does not anticipate take of bald eagles breeding, feeding, or sheltering in the 
action area.  There is not sufficient information available regarding mercury pollution at Lake 
Lowell to determine whether incidental take is likely to occur or if the incidental take would 
be appropriately attributed solely to Reclamation’s proposed action or from a combination of 
actions.  Additionally, any incidental take that may occur would be difficult to detect because 
bald eagles may travel great distances, are wide-ranging, and are not likely to be recovered 
following injury or mortality.  Additional information is necessary to determine the level of 
adverse effect, if any, bald eagles may be experiencing at Lake Lowell in the form of sub-
lethal effects, including reproductive failure.  There is not sufficient information available for 
the Service to anticipate and provide exemption for incidental take of bald eagles under 
section 7(o)(2) of the Act. 
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VI. Conservation Recommendations 
Section 7(a)(1) of the Act, as amended, directs Federal agencies to use their authorities to 
further the purposes of the Act by carrying out conservation programs for the benefit of 
endangered and threatened species.  Conservation Recommendations are discretionary 
agency activities that minimize or avoid adverse effects of a proposed action on listed species 
or critical habitat, help implement recovery programs, or develop information. 

1. Monitor and study bald eagle habitat use and populations at Reclamation facilities to 
obtain adequate knowledge for developing nest management plans and evaluating 
management activities. 

2. In cooperation with others, including Tribes, Forest Service, Bureau of Land 
Management, Idaho Department of Fish and Game, and others, work to maintain a 
dynamic floodplain, and provide for cottonwood recruitment below Palisades Dam to 
protect and maintain eagle nesting and wintering habitat.  Hauer et al. (2004) 
recommended allowing orthofluvial flows that approach 30,000 cfs to occur, and 
maintaining flows above 25,000 cfs for 12 to 15 days every 11 years.  Consider this, 
recommendations by Merigliano (1996), and other mechanisms to achieve this 
conservation recommendation. 

3. In cooperation with others, including Tribes, the Corps, the State of Idaho, the City of 
Boise, and others, work to maintain a dynamic floodplain, and provide potential for 
cottonwood recruitment below Lucky Peak Dam to maintain and protect wintering 
bald eagle habitat. 

4. Maintain potential nesting, roosting, and perching habitat at and around Reclamation 
facilities. 

5. Cooperate with others, including the Service, Tribes, the State of Idaho, 
Environmental Protection Agency, and others to implement investigations to evaluate 
contaminant concentrations, including concentrations of DDT metabolites and 
mercury, in bald eagle prey at Reclamation facilities, particularly Lake Lowell.  
Monitor bald eagle behavior to provide necessary protections to avoid disturbance to 
the extent possible. 

6. Cooperate with others, including the Service, Tribes, the States of Idaho and Oregon, 
Forest Service, and others, to assess effects of recreation-associated disturbance of 
bald eagles.  Identify and implement management actions to avoid or reduce impacts 
of recreation activities where they affect wintering and nesting eagles.  For example, 
consider limiting boat and jet ski use and speed during critical nesting periods where 
bald eagles nest near Reclamation facilities. 

In order for the Service to be kept informed of actions minimizing or avoiding adverse 
effects of benefiting listed species or their habitats, the Service requests notification of the 
implementation of any conservation recommendations. 
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Chapter 5 

SPIRANTHES DILUVIALIS 

I. Status of the Species 

A. Regulatory Status 

The Service (1992) listed Spiranthes diluvialis (Ute ladies’-tresses) as threatened under the 
Act on January 17, 1992.  The Service has not designated critical habitat for this species. 

B. Description of the Species 

The S. diluvialis plant is a perennial, terrestrial orchid with stems 20 to 50 centimeters tall 
arising from tuberously thickened roots (Service 1995).  Its narrow 1.0 centimeter leaves can 
reach 28 centimeters in length.  Basal leaves are longest and become reduced in size up the 
stem.  The flowers consist of 3 to 15 small, pea-sized white or ivory flowers clustered into a 
spike arrangement at the top of the stem.  The species is characterized by whitish, stout, 
ringent (gaping at the mouth) flowers.  It usually blooms from late July through August, 
although in some locations it may bloom in early July or into early October (Jordan 1999). 

C. Status and Distribution 

The Service (1992) listed S. diluvialis based primarily on habitat loss and modification, 
although small population size and low reproductive rates were also listed as increasing the 
species’ vulnerability to other threats.  Modification of riparian habitat and destruction of 
wetland habitat where the species occurred had resulted in several population extirpations.  
Additionally, the Service listed overcollection for recreation and specimen use, excessive 
livestock grazing, and inadequate regulatory mechanisms as threats to the species.  
Rangewide trends are uncertain, particularly since population numbers can fluctuate widely 
from year to year.  The number of known individuals has increased from approximately 
20,500 in 1995 to about 60,000 currently (Service 2004).  These numbers are not likely 
indicative of trend but instead reflect increased survey efforts, the discovery of new 
populations, a significant known range expansion, and a better understanding of the plant’s 
biology and appropriate sampling protocols. 

Additional threats that have been identified since the listing include competition from 
noxious and invasive species (non-native plants), loss of habitat from recreation and off-
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highway vehicle use, hydrologic and floodplain alteration, and other landscape-level threats 
(levee construction and maintenance, water diversions, road and bridge development, bank 
stabilization riprapping, channel dredging, and housing developments). 

S. diluvialis populations are known from three general areas of the interior western United 
States:  near the base of the eastern slope of the Rocky Mountains in southeastern Wyoming 
and adjacent Nebraska and north-central and central Colorado; in the upper Colorado River 
basin, particularly in Utah’s Uinta Basin; and in the Bonneville Basin along the Wasatch 
Front and westward in the eastern Great Basin, in north-central and western Utah, extreme 
eastern Nevada, and southeastern Idaho.  The orchid has recently been discovered in 
southwestern Montana and the Okanagan area of north-central Washington (Service 2004). 

Although the range of the orchid is large, it most often occurs as localized metapopulations 
that are comprised of clusters of occurrences.  Occurrences are groupings of a species in a 
particular locale that State Heritage programs or Conservation Data Centers record as 
“element occurrences.”  Most metapopulations are small, with fewer than 100 individuals, 
and many fewer than 10 individuals.  A few metapopulations are larger, with between 5,000 
and 10,000 individuals.  These large metapopulations often comprise the only locale of the 
orchid in that portion of its range, like the metapopulation in Idaho. 

In Idaho, the species was first discovered in 1996 along the Snake River floodplain in 
Jefferson, Madison, and Bonneville Counties (Moseley 1998a).  There are now 24 known 
Idaho occurrences with over 4,000 individuals; 22 of these occurrences are scattered along 
the Snake River for 49 river miles, from near the confluence with the Henrys Fork upstream 
to Swan Valley, 9 river miles below Palisades Dam (Murphy 2004a).  In 2002, a new 
occurrence was discovered at the Chester Wetlands segment of the Idaho Department of Fish 
and Game’s Sand Creek Wildlife Management Area on the Henrys Fork (Murphy 2002).  
This occurrence is approximately 25 miles north-northeast of the nearest occurrence on the 
Snake River.  In 2003, an occurrence was discovered on private land along the Texas Slough, 
a drainage-way in the Snake River’s historical floodplain (Murphy 2004a).  All occurrences 
along the South Fork of the Snake River, including the Texas Slough occurrence, are 
considered part of the same metapopulation (Murphy 2004a).  The Chester Wetlands 
occurrence on the Henrys Fork is isolated and is not currently considered part of this 
metapopulation. 

D. Life History 

Very little is known about the life history and demography of the S. diluvialis.  Like other 
orchid species that remain below ground for several years in a symbiotic relationship with 
mycorrhizae (Wells 1967; Arditti 1992 and Wells 1981 in Jordan 1999), in Idaho, 
S. diluvialis has structures indicative of mycorrhizal associations (McGonigle and 
Sheridan 2004).  After they become autotrophic (produce green above-ground parts), 
S. diluvialis may exhibit extended periods of dormancy and not emerge above the ground 
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every year during adverse environmental conditions (Wells 1981; Arft 1993; Moseley 1998a; 
Heidel 2001).  The adverse environmental conditions that cause prolonged dormancy in 
S. diluvialis are not well understood, although they are thought to be related to climactic 
patterns such as drought.  The life span of the individual is unknown. 

The S. diluvialis orchid first appears above ground as a rosette of thickened grass-like leaves 
that is difficult to distinguish from other vegetation.  A distinctive flower stalk appears in late 
summer from approximately July through September.  Location, identification, and 
population size estimates are typically determined during these months.  Heidel (2001) 
reported that even in good flowering years, over half of the plants at an occurrence may not 
be located because they are either underground or too inconspicuous among surrounding 
vegetation.  Thus, fluctuations in numbers of observed flowering individuals do not 
necessarily correspond to population fluctuations or indicate habitat alterations. 

Range-wide, the orchid occurs along stream and water edges, gravel bars, old oxbows, high 
flow channels, and moist-to-wet meadows along perennial streams.  It is also found near 
springs and in wet meadows not associated with streams.  S. diluvialis is thought to require 
permanent “sub-irrigation,” indicating a close affinity with floodplain or wetland areas where 
the vegetation is relatively open and not overly dense or overgrown (Service 1995).  These 
preferred habitat features indicate that in fluvial systems, the orchid requires early to mid-
seral riparian habitats created and maintained by streams active within their floodplains.  
However, some manmade habitats may mimic floodplain activities and create artificial 
habitats that S. diluvialis may colonize.  Anthophora bees are thought to be the most 
important S. diluvialis pollinators (Sipes and Tepedino 1995). 

E. Population Dynamics 

The total size of the S. diluvialis population in the United States is estimated to be less than 
60,000 individuals, with scattered metapopulations in 8 states.  Most metapopulations are 
small; the naturally small size and scattered distribution of S. diluvialis populations make the 
species particularly vulnerable to the effects of habitat fragmentation and overall decline in 
suitable habitat. 

Population estimates at a given occurrence are generally based on observations of flowering 
individuals, although on occasion, it is possible to observe and count non-flowering 
individuals that have produced vegetative aboveground growth (basal rosettes).  Arft (1995) 
found that occurrence counts are much more stable than previously indicated when both 
flowering and vegetative plants are inventoried.  Information on establishment, recruitment, 
and longevity is lacking.  Therefore, it is usually undeterminable whether a marked 
individual that fails to flower has died or is merely dormant.  Criteria have not been 
established for determining mortality based on the number of seasons without appearance of 
aboveground parts.  Population variability for this species across time is difficult to 
determine, due both to the plant’s dormancy cycle and its yearly variation in flowering. 
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Although S. diluvialis populations were not discovered in Idaho until 1996, it is assumed that 
these populations existed prior to 1996.  Their discovery is attributed to increased survey 
effort and new discoveries rather than the sudden appearance of new populations.  Table 17 
illustrates the variation of population estimates for Idaho, which is likely indicative of the 
type of fluctuation and instability in numbers we expect range-wide. 

Table 17.  S. diluvialis population counts on the Snake River (Murphy 2004b). 

Occurrence Name Occ. # 1996 1997 1998 1999 2000 2001 2002 2003 2004 
Kelly’s Island 001 12 22 30 30 15 19 15 10 6 
Rattlesnake Point 002 15 4 23 26 0 19 68 1 38 
Warm Springs 003 173 301 80 476 942 522 538 502 1,560 
Falls Campground 004 1 14 5 6 13 5 3 0 7 
Railroad Island 005 ---- 9 14 42 17 0 0 0 ---- 
Annis Island 006 ---- 35 2,036 1,917 726 2,557 306 2,006 245 
Twin Bridges Island 007 ---- 160 108 99 43 36 14 15 0 
Lorenzo Levee 008 ---- 1 not monitored 
Mud Creek Bar 009 ---- 9 32 71 63 16 20 25 3 
TNC Island 010 ---- 9 9 118 21 17 13 7 0 
Lufkin Bottom 011 ---- 61 96 224 494 184 309 514 261 
Gormer Canyon #5 012 ---- 10 0 1 0 0 0 0 0 
Gormer Canyon #4 013 ---- 10 11 12 7 7 ---- 9 10 
Pine Creek #5 014 ---- 6 14 30 47 24 24 74 120 
Archer Powerline 015 ---- 145 not monitored 
Pine Creek #3 & #4 016 ---- 18 113 200 103 118 121 353 899 
Lower Conant Valley 017 ---- 127 0 40 23 12 12 0 15 
Upper Conant Valley 018 ---- 61 15 5 5 1 0 3 0 
Lower Swan Valley 019 ---- 1 8 4 9 13 27 25 47 
Squaw Creek Islands 020 ---- 168 2 0 0 0 0 0 ---- 
Gormer Canyon #3 021 ---- ---- 8 59 30 76 47 50 79 
Black Canyon 022 ---- ---- ---- 50 42 507 236 262 247 

Total 201 1,171 2,604 3,410 2,600 4,133 1,753 3,856 3,537 

F. Conservation Needs 

S. diluvialis conservation depends on long-term persistence of multiple occurrences and 
metapopulations of the plant throughout the species’ known range.  The most important 
factor contributing to the long-term persistence of the species is likely the maintenance and 
creation of new suitable (early to mid-seral) riparian and wetland habitats and supporting 
hydrology.  The continued existence of S. diluvialis along a stream system and in floodplain 
meadows requires creation and evolution of favorable habitat conditions resulting from 
natural stream dynamics (Service 1995).  Direct manipulation of flows in river reaches below 
dams can be used to simulate those natural conditions. 



Environmental Baseline Spiranthes diluvialis – Chapter 5 

March 2005 U.S. Fish and Wildlife Service 99 

Additionally, S. diluvialis conservation requires addressing certain threats, including adverse 
effects associated with non-native plant invasions, off-highway vehicle use, other recreation 
use, overcollection of specimen individuals, livestock grazing, herbivory, and other 
landscape-level threats (levee construction and maintenance, water diversions, road and 
bridge development, bank stabilization riprapping, channel dredging, and housing 
developments). 

II. Environmental Baseline 
Regulations implementing the Act (50 CFR §402.02) define the environmental baseline as 
the past and present impacts of all Federal, State, or private actions and other human 
activities in the action area.  The environmental baseline also includes the anticipated impacts 
of all proposed Federal projects in the action area that have already undergone section 7 
consultations and the impacts of state and private actions that are contemporaneous with the 
consultations in progress. 

A. Status of the Species in the Action Area 

Approximately 92 percent of the known S. diluvialis occurrences in Idaho are between 9 and 
49 miles below Palisades Dam (Murphy 2004a) and are affected by Reclamation’s operations 
at Palisades Dam.  This consultation considers the action area for S. diluvialis to include all 
occurrences on the Snake River below Palisades Dam (up to 49 miles downstream from the 
dam).  The Idaho Conservation Data Center has surveyed and monitored S. diluvialis on 
public lands along the Snake River, and they have published annual status/monitoring reports 
from 1997 through 2003 (Moseley 1997, 1998a, 1998b, 2000; Murphy 2000, 2001, 2002, 
2003, 2004a).  The Bureau of Land Management monitored S. diluvialis in 2004 
(Velman 2004). 

There are currently 20 occurrences that are monitored annually on public lands.  Two 
occurrences on private land have not been visited since 1997 (Murphy 2004a).  There is also 
one known occurrence on State lands in the Chester Wetlands on the Henrys Fork 
(Murphy 2002) and one known occurrence on private land along the Texas Slough within the 
historical floodplain of the Snake River that are not monitored (Murphy 2004a).  Fluvial 
processes no longer affect a few of these occurrences, such as the Chester Wetlands and the 
Texas Slough, due to isolation of these sites from the floodplain.  For example, water levels 
at the Chester Wetlands site are determined primarily by leakage from an irrigation canal.  
Reclamation’s operations do not affect these two populations and will not be considered 
further in this Opinion. 

All known S. diluvialis occurrences within Idaho either are or were at one time associated 
with the Snake River floodplain and early to mid-seral riparian habitats.  With the exception 
of the two occurrences mentioned above, S. diluvialis occurrences in Idaho still depend on 
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fluvial processes or other disturbances to set back woody vegetation succession and create 
new flood-borne soil deposits that will later be suitable for colonization (Murphy 2004a).  
Along the river, S. diluvialis is associated with relict flood channels (orthofluvial deposits) 
that were abandoned between 25 and 150 years ago (Hauer et al. 2004).  These orthofluvial 
deposits, characterized by riparian vegetation, maintain a shifting habitat mosaic that is the 
basis for biological diversity within riparian areas.  The flows required for creating new 
orthofluvial deposits are significantly higher than the flows required for parafluvial (in-
stream) deposits that are needed for the aquatic community. 

Because the proportion of dormant plants within an occurrence can vary widely from year to 
year, prolonged dormancy makes monitoring population trends of S. diluvialis difficult.  
Long-term monitoring (over 15 years) is needed to accurately establish trends (Lesica and 
Steele 1994).  Consequently, population monitoring efforts below Palisades Dam have not 
shown a definite increase or decrease in either the total number of plants in the 
metapopulation or in the total number of occurrences.  Table 17 on page 98 presents the 
numbers of S. diluvialis individuals at the Idaho occurrences monitored from 1996 to 2004.  
Murphy (2004a) noted that count fluctuations may stem from extended periods of dormancy, 
plant community succession, demographics, shifting phenology, timing of the monitoring, 
annual fluctuation in climate and hydrologic conditions, off-highway vehicle use, and 
livestock grazing. 

B. Factors Affecting Species Environment within the Action Area 

Human-caused and human-related factors represent the main S. diluvialis threats in Idaho and 
within the action area.  Murphy (2004a) discussed six major threat categories:  hydrologic 
and floodplain alteration, livestock grazing, off-highway vehicle use, noxious weeds and 
invasive species (non-native plants), recreation, and other landscape-level threats (levee 
construction and maintenance, water diversions, road and bridge development, bank 
stabilization riprapping, channel dredging, and housing developments). 

Moseley (2000) stated that floodplain dynamics is the greatest factor affecting the long-term 
distribution and viability of habitat for S. diluvialis along the Snake River.  Likewise, 
operations at Palisades Dam and its alteration of river flow are thought to be the most 
significant long-term factors affecting the S. diluvialis metapopulation in Idaho 
(Moseley 1998a).  Palisades Dam operations have changed the seasonal hydrograph in the 
Snake River, particularly in the river reach from the dam downstream to the river’s 
confluence with the Henrys Fork.  These operations have changed the timing of flow 
discharge and reduced peak spring flows (Merigliano 1996; Moller and Van Kirk 2003; 
Hauer et al. 2004). 

Beginning in 1999, the Conservation Data Center monitoring effort incorporated a habitat 
ecology study component, focusing on the implications of floodplain dynamics and habitat 
succession on river and land management (Moseley 2000).  Several additional studies related 
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to flow dynamics and natural processes on the South Fork of the Snake River below 
Palisades Dam have been initiated or completed in recent years (e.g., Merigliano 1996; 
Moller and Van Kirk 2003).  Most recently, Reclamation funded a study to analyze Palisades 
Dam operations from an ecological perspective; the project is called Ecologically Based 
Systems Management.  Based on their findings, Hauer et al. (2004) made recommendations 
to Reclamation on the discharge criteria that would most benefit the ecological system of the 
South Fork of the Snake River while still maintaining their irrigation contract obligations, 
and, in some cases, their flood control requirements. 

Although none of these studies focused specifically on S. diluvialis, they all made 
recommendations aimed at supporting both in-channel and floodplain processes.  Since S. 
diluvialis is floodplain dependent, it is appropriate to use the dominant riparian plant species, 
narrow-leaf cottonwood (Populus angustifolia), the types of flows occurring (parafluvial 
versus orthofluvial), their influence on the shifting habitat mosaic and vegetation, and habitat 
components such as the age of relict flood substrates to evaluate conditions or make 
recommendations for S. diluvialis specifically.  Parafluvial flows are sediment flows that 
occur in the near channel portion of the floodplain and influence the shifting habitat mosaic 
within and near the stream channel.  Orthofluvial flows are those that occur higher on the 
floodplain; they are characterized by supporting riparian vegetation and are needed for the 
creation of new surfaces that can subsequently be colonized by riparian vegetation (Hauer et 
al. 2004)  At least eight S. diluvialis occurrences in Idaho are associated with cottonwood 
galleries (Moseley 1998b). 

Hauer et al. (2004) reported that parafluvial (the near channel portion of the floodplain) 
movement needs at least 15,000 cfs to initiate and reaches the highest movement potential 
at 20,000 cfs.  However, creating new flood channels that the orchid may later colonize 
requires sustained (many days) flows of over 28,000 cfs to initiate and sustain orthofluvial 
processes with the highest potential for movement at 34,000 cfs (Hauer et al. 2004).  
Merigliano (1996) suggested that cottonwood-colonizing events along the Snake River 
required sustained flows over 36,000 cfs.  From 1911 to 1956, the 45 years prior to the 
completion of Palisades Dam, flows exceeded 36,000 cfs on 28 days over 4 years of 
occurrences, and flows exceeded 28,000 cfs on an additional 132 days over 16 years of 
occurrences.  From 1957 when Palisades Dam was completed to 2003, flows exceeded 
36,000 cfs on only 12 days, and flows exceeded 28,000 cfs on an additional 4 days (United 
States Geological Survey 2003).  All of these post-dam flows occurred during 1997 when 
natural flows exceeded the 100-year flood.  In the flood of 1997, portions of the Warm 
Springs Bottom occurrence was covered with flood deposits (18 centimeters deep) where 
S. diluvialis has not reappeared (Murphy 2001).  New habitats were created in the flood of 
1997, although M. Merigliano (in litt., 2005) has found that this single flood event was not 
enough to stop the decline of the cottonwood galleries along the South Fork of the Snake 
River. 
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Although periodic high flows are necessary for maintaining S. diluvialis habitats along the 
Snake River, minimum flows during the growing season are also required to prevent adverse 
effects to the orchid due to lack of water.  Minimum flows during the summer months are 
releases for irrigation and are usually higher than they would have been without the Palisades 
or Jackson Lake Dams (Merigliano 1996).  It is possible that these higher post-Palisades 
Dam flows may have led to the maintenance of S. diluvialis populations that would not have 
been sustained if flows were lower, as they were pre-dam.  Summer flows between 7,300 and 
8,400 cfs maintain adequate soil moisture at S. diluvialis sites (Murphy 2002).  Winter flows 
are lower than they would have been without Palisades or Jackson Lake Dams.  These low 
winter flows are not considered an impact to S. diluvialis because the plant is dormant, 
although this has not been substantiated.  Beaver dams on side channels have led to flooding 
and partial loss of S. diluvialis occurrences along the Snake River (Murphy 2004a). 

In 2001, Idaho Conservation Data Center monitoring efforts began to include an index of 
habitat change that addressed the quality of S. diluvialis and the more immediate impacts the 
orchid is facing along the Snake River.  This monitoring assessed potential anthropogenic 
influences at each occurrence along the Snake River; a summary of their findings is provided 
in the current monitoring reports (Murphy 2004a).  The impacts they documented include 
livestock grazing, recreational use (camping, trailing, off-highway vehicle use), and the 
invasion and competition from non-native plant species such as reed canarygrass (Phalaris 
arundinaceae), leafy spurge (Euphorbia esula), spotted knapweed (Centaurea maculosa), 
Canada thistle (Cirsium arvense), bull thistle (Cirsium vulgare), sweetclover (Melilotus spp.), 
perennial sowthistle (Sonchus arvensis), and common tansy (Tanacetum vulgare).  Reed 
canarygrass infestations, because they are so ubiquitous and are not considered a noxious 
weed, are not tracked as part of S. diluvialis’ index of habitat change.  This does not mean 
reed canarygrass, probably introduced as aggressive cultivars, may not be affecting S. 
diluvialis as it has affected another riparian plant, Howellia aquatilis (water howellia) in 
Montana (Lesica 1997) or as it is affecting other riparian vegetation such as cottonwoods 
along the South Fork of the Snake River (M. Merigliano, in litt., 2005).  The two occurrences 
on private land have not been monitored since 1997, and the threats to them, if any, have not 
been documented. 

Non-native species invasions pose the biggest immediate threat and are increasing at or near 
all S. diluvialis occurrences along the Snake River.  The decline and potential loss of two 
occurrences along the Snake River have been attributed to the invasion of non-native plant 
species (Murphy 2004a).  Non-native plant invasions are exacerbated by disturbances that 
include livestock grazing, off-highway vehicle use, land development, dispersed camping 
impacts, and water regulation.  Although it may not be the primary cause of non-native 
species invasions, the effect of water regulation on non-native species is within the realm of 
the proposed action and is addressed in more detail here. 

Numerous studies have found that water-level regulation and increased nitrogen 
concentrations influence river-margin vegetation (Apfelbaum and Sams 1987; Nilsson et 
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al. 1991; Busch and Smith 1995; Lesica 1997; Nilsson et al. 1997; Poff et al. 1997; Green 
and Galatowitsch 2002; Johansson and Nilsson 2002; Miller and Zedler 2003).  The most 
significant outcome of regulation is a decline in species diversity along stream banks.  
Additionally, in other systems, flow stabilization under a regulated flow regime, when 
compared to the natural flow regime, has facilitated the invasion or establishment of exotic 
species and altered riparian communities (Poff et al. 1997; Busch and Smith 1995; Ward and 
Stanford 1979).  Although the specific impacts of flow regulation on riparian vegetation 
communities within S. diluvialis habitat in Idaho are unknown, it is reasonable to assume that 
flow regulation and alteration has facilitated non-native plant species invasions within 
S. diluvialis habitat in Idaho as it has with the non-native tamarisk (Tamarix spp.) in the 
southwestern United States (Busch and Smith 1995) or the non-native reed canary grass 
(Phalaris arundinaceae) in Wisconsin (Miller and Zedler 2003).  Data specific to the South 
Fork of the Snake River indicate that reed canarygrass negatively influences cottonwood 
seedling density (M. Merigliano, in litt., 2005). 

III. Effects of the Proposed Action 
Regulations define effects of the action as “the direct and indirect effects of an action on the 
species or critical habitat, together with the effects of other activities that are interrelated or 
interdependent with the actions, that will be added to the environmental baseline” 
(50 CFR §402.02). 

A. Direct and Indirect Effects 

Direct effects are defined as the direct or immediate effects of the action on the species or its 
habitat.  Indirect effects are defined as those effects that are caused by or result from the 
proposed action, are later in time, and are reasonably certain to occur. 

1. Direct Effects 

We expect that the proposed action will have adverse effects to S. diluvialis habitat below 
Palisades Dam over the 30-year term of the proposed action.  Most significantly, the 
proposed action will continue to limit water flows to levels that prevent orthofluvial 
processes (which begin at 28,000 cfs) and thereby limit amounts of early and mid-seral 
habitats available for S. diluvialis colonization.  Without the creation of early and mid-seral 
habitats, competition with dense vegetation is likely to limit the habitat available to 
S. diluvialis and therefore lead to the loss of occurrences.  Without the creation of new 
habitat for colonization and a loss of S. diluvialis occurrences to competition, population 
viability of the species along the South Fork of the Snake River over the next 100 years will 
decline.  Over the next 30 years, this continued suppression of orthofluvial processes that 
create habitat will likely result in decreases in the total occurrences of the plant in this area.  
An assessment of the magnitude of this effect is difficult because average monthly flows and 
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days when the river is above flood stage, as described in Reclamation’s Assessment, are 
inadequate for determining effects to orthofluvial processes and, therefore, S. diluvialis 
habitats.  However, based on historical operations, it is likely that flows will be insufficient to 
recruit new early to mid-seral habitat for S. diluvialis or other riparian vegetation and will not 
maintain the current amount or distribution of habitat over the long term. 

A relative assessment of the magnitude of the effect is possible by re-examining flood 
deposits occupied by S. diluvialis.  As mentioned above, some S. diluvialis occurrences are 
associated with relict flood channels (orthofluvial deposits) that were abandoned between 25 
and 150 years ago (Hauer et al. 2004).  Early to mid-seral habitats suitable for S. diluvialis 
are those that were laid down by floods 25 to 150 years ago, and most are 40 to 100 years old 
(Hauer et al. 2004; Moseley 1998b).  The S. diluvialis populations on the youngest substrates 
are at Annis Island and Warm Springs Bottom where new substrates were deposited in the 
1960s and 1970s by humans through construction activities (Moseley 1998b).  In the 49-year 
period since the construction of Palisades Dam, new early to mid-seral habitats have 
primarily been created through flooding events in 1997 when orthofluvial deposits occurred 
(M. Merigliano, in litt., 2005).  However, these deposits are not enough to stop the decline of 
cottonwood and willow stands along the South Fork of the Snake River (M. Merigliano, in 
litt., 2005).  Therefore, the age of flood deposits where S. diluvialis is found is becoming 
increasingly older.  As older occurrences of S. diluvialis progress to late seral habitats, 
competition may become too intense, and the subsequent decline or loss of an occurrence 
may occur.  Over the next 30 years, those S. diluvialis occurrences that are on older 
substrates where vegetation is becoming too dense will decline or potentially be lost.  It is 
unknown what proportion of Snake River S. diluvialis occurrences reside in areas where late 
seral habitats may replace S. diluvialis habitat in the next 30 years. 

Reclamation’s current operations at Palisades Dam maintain flows along the South Fork of 
the Snake River in late summer (August and September) that are higher than the flows that 
occurred prior to Palisades Dam construction.  These higher flows may now be needed by 
S. diluvialis populations for their maintenance.  We do not expect low winter flows to affect 
S. diluvialis occurrences because the plants are dormant during this period. 

2. Indirect Effects 

Operations at Palisades Dam will facilitate non-native plant species invasions over the next 
30 years that have adversely affected S. diluvialis below the dam.  These invasions may pose 
the biggest threat to S. diluvialis locations along the Snake River, and they are increasing at 
nearly all locations.  Under the proposed action, Reclamation will continue to regulate and 
stabilize flows at Palisades Dam, which will continue to produce conditions that favor non-
native plant species.  Over the term of the proposed action, this will likely result in the 
decline or loss of some S. diluvialis habitat and occurrences below Palisades Dam. 
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B. Effects of Interrelated or Interdependent Actions 

Interrelated actions are those that are a part of a larger action and depend on the larger action 
for their justification.  Interdependent actions are those that have no independent utility apart 
from the action under consideration.  No actions that are interrelated or interdependent to this 
action have been identified that may affect S. diluvialis. 

C. Cumulative Effects 

Cumulative effects include the effects of future State, tribal, local, or private actions that are 
reasonably certain to occur in the action area.  This section does not consider future Federal 
actions that are unrelated to the proposed action because they require separate consultation 
pursuant to section 7 of the Act. 

Murphy (2004a) cited several landscape-level threats to S. diluvialis along the Snake River.  
These include floodplain alteration related to levee construction and maintenance, water 
diversions, road and bridge development, bank stabilization riprapping, channel dredging, 
and housing development.  Activities such as those listed above may affect some of these 
occurrences, but the extent of the effect is unknown.  Twenty of the 22 known occurrences of 
S. diluvialis below Palisades Dam are on federally owned land (Bureau of Land Management 
and Forest Service); the effects of any activities that occur on public lands will be addressed 
in separate section 7 consultations for those activities. 

IV. Conclusion 
After reviewing the current status of S. diluvialis, the environmental baseline for the action 
area, the effects of the proposed action, and the cumulative effects, it is the Service’s Opinion 
that the action, as proposed, is not likely to jeopardize the continued existence of the 
S. diluvialis.  No critical habitat will be affected because none has been designated for this 
species. 

Reclamation operations at Palisades Dam significantly affect the population of S. diluvialis 
along the downstream reach of the Snake River.  We anticipate, as a result of the proposed 
action, that S. diluvialis occurrences along the Snake River that are on older substrates where 
vegetation is becoming too dense will decline or potentially be lost to increased vegetation 
competition and conversion to later-seral habitats.  It is unknown what proportion of Snake 
River S. diluvialis occurrences reside in areas where late seral habitats may replace 
S. diluvialis habitat in the next 30 years. 

We anticipate that the flow regime under the proposed action, particularly the continued 
reduction in spring peak flows, will adversely affect some occurrences of S. diluvialis along 
the Snake River below Palisades Dam.  Early to mid-seral habitats are not likely to be 
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created, and the recruitment potential, as individual plants or occurrences die off, will be 
reduced.  We also anticipate adverse effects due to encroaching non-native plant species 
resulting at least partially from loss of flow variability at Palisades Dam. 

However, because the species occurs in several states where Reclamation’s action will have 
no effect, and total species numbers are estimated around 60,000, the loss of some proportion 
of the estimated 3,000 to 4,500 individuals that occur below Palisades Dam will not 
appreciably reduce the likelihood of the species’ survival or recovery over the next 30 years. 

V. Conservation Recommendations 
Section 7(a)(1) of the Act, as amended, directs Federal agencies to use their authorities to 
further the purposes of the Act by carrying out conservation programs for the benefit of 
endangered and threatened species.  Conservation Recommendations are discretionary 
agency activities that minimize or avoid adverse effects of a proposed action on listed species 
or critical habitat, help implement recovery programs, or develop information. 

1. In cooperation with others, including Tribes, Forest Service, Bureau of Land 
Management, Idaho Department of Fish and Game, and others, work to maintain a 
dynamic floodplain and early to mid-seral habitats below Palisades Dam.  Hauer et al. 
(2004) recommended allowing orthofluvial flows that approach 30,000 cfs to occur 
and maintaining flows above 25,000 cfs for 12 to 15 days every 11 years.  Consider 
this, recommendations by Merigliano (1996), and other mechanisms to achieve this 
conservation recommendation. 

2. Maintain minimum flows of at least 7,300 cfs during the S. diluvialis growing season 
(July through September). 

3. Conduct research on the effects of altered flow regimes on non-native plant 
populations within S. diluvialis habitat along the South Fork of the Snake River. 

4. Cooperate with other agencies and groups, including the Forest Service and the 
Bureau of Land Management, to assist (through funding and staff time) with weed 
control efforts within S. diluvialis occurrences in the action area. 

5. Cooperate with other agencies and groups, including Tribes, the Forest Service, and 
the Bureau of Land Management, to assist (through funding and staff time) in S. 
diluvialis monitoring efforts within the action area. 

6. Where possible, work with other interested parties to avoid develop alternatives to 
construction of dikes, levees, canals and other structures that may affect fluvial 
processes within S. diluvialis habitat. 

7. Cooperate with other agencies and groups, including the Forest Service and the 
Bureau of Land Management, to work toward gaining a better understanding of S. 
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diluvialis biology through research studying genetics, life history and demographics, 
propagation and transplanting protocols, ecology studies, etc. 

In order for the Service to be kept informed of actions minimizing or avoiding adverse 
effects of benefiting listed species or their habitats, the Service requests notification of the 
implementation of any conservation recommendations. 
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Chapter 6 

UTAH VALVATA SNAIL 

I. Status of the Species 

A. Regulatory Status 

The Service (1992) listed the Utah valvata snail as endangered on December 14, 1992.  No 
critical habitat has been designated for this species.  The Service (1995) also published a 
recovery plan for this species and four other Snake River snails. 

B. Description of the Species 

The shell of the Utah valvata measures about 5 to 7 millimeters in height, is turbinate, and 
contains as many as four whorls.  An angular carina or ridge runs perpendicular to the raised, 
transverse threads and attenuates toward the circular aperture margin. 

C. Status and Distribution 

The Utah valvata is documented to occur in the Snake River basin of southern Idaho from the 
lower Henrys Fork as far downstream as Grandview (RM 487).  Historically, this snail was 
most likely found in slow-moving portions of the river through southwestern Idaho prior to 
agricultural and water storage development and subsequent changes to the Snake River.  
Taylor (1982d) reported empty shells found downstream from C.J. Strike Reservoir and at 
Indian Cove Bridge (RM 525.4).  Extensive Idaho Power surveys have failed to locate a 
living colony or other shell deposits in the Snake River below Thousand Springs (RM 585).  
There is one collection of this species from the Big Wood River, which joins the Snake River 
at RM 571 (D. Gustafson, pers. comm., 2002; Weigel 2003).  These sightings could represent 
relict populations or more recent colonization from irrigation returns via canals originating 
from Lake Walcott or the Milner Pool. 

The target recovery area for this snail is from RM 572 to 709 and includes the Snake River 
mainstem and associated cold-water spring tributaries (Service 1995).  Populations of the 
Utah valvata have been regularly monitored in Lake Walcott and upstream reaches up to and 
including American Falls Reservoir (Irizarry 1999; Weigel 2002, 2003) and are known or 
reported from cold-water springs or spring-influenced portions of the river such as Thousand 
Springs (Frest and Johannes 1992a) and Box Canyon Springs (Taylor 1985).  The most 
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recent reports of this species indicate that it is found in discontinuously distributed colonies 
as far upstream as the lower Henrys Fork (RM 9.3) (D. Gustafson, pers. comm., 2003). 

The most current information on the distribution and status of the Utah valvata indicates that 
this species occurs in numerous colonies and reaches with its greatest numbers in river and 
lake habitats from American Falls Reservoir to Minidoka Dam.  The status of the species 
upstream from American Falls Dam is poorly known, though Utah valvata have been found 
in several locations.  The occurrence of Utah valvata upstream from American Falls Dam 
was not known at the time the recovery plan was published, and therefore, these areas lie 
outside of the designated recovery area for the species. 

D. Life History 

Very little is known about the life history of the Utah valvata.  In the Snake River, this snail 
inhabits a diversity of habitats, such as shallow shorelines, deep pools, reservoirs, and 
perennial flowing waters associated with large spring complexes.  Large numbers of snails 
are known to exist throughout Lake Walcott and American Falls Reservoir, indicating the 
ability of these snails to persist in lake habitats.  T. Frest (in litt., 2002) noted that although 
the Utah valvata may occur in lake habitats, it requires moving water; this species is not 
known to persist in “still water” habitats.  However, the Utah valvata generally avoids areas 
with heavy currents or rapids (Taylor 1982d).  This species appears to prefer well-
oxygenated areas of non-reducing calcareous mud or mud-sand substrate among beds of 
submergent aquatic vegetation.  Chara, an aquatic plant that concentrates both calcium 
carbonate and silicon dioxide, is a common associate with the Utah valvata (Service 1995).  
The Utah valvata generally prefers cool-water habitats.  However, laboratory studies have 
shown that the species is active in water temperatures ranging from 7.3 to 33.7 °C 
(Lysne 2003), although they died within 7 days if temperatures exceeded 30.5 °C.  This snail 
may consume diatoms, plant debris, aquatic plants, and sessile organisms, but it is generally 
regarded as a detritivore.  The species is hermaphroditic. 

E. Population Dynamics 

Surveys conducted by Frest and Johannes (1992a) identified only two areas within the 
Thousand Springs Preserve with colonies of the Utah valvata snail.  Their population 
estimate was 6,000 snails per colony with an average population density of 0.2 snails per 
square meter (Service 1992).  Periodic surveys of one of these colonies conducted by Idaho 
Power suggest it has been persistent over time (Frest and Johannes 1992a; Idaho 
Power 2003b).  The Utah valvata appears to have relatively large and persistent colonies in 
Lake Walcott (RM 674 to 690), where they were found to occur on mud-sand to mud-gravel 
substrates at depths ranging from 1.5 to 13.7 meters.  The species is univoltine with a life 
span of about 1 year.  The reproductive potential of the Utah valvata is unknown, but egg 
masses with up to 12 eggs have been observed (Lysne 2003).  Analysis of size classes in 
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Lake Walcott suggests that these colonies reproduce between June and September 
(Weigel 2003). 

Most invertebrates have short generation times, small body size, and rapid rates of population 
increase and decline.  For these reasons, populations frequently undergo large fluctuations in 
size and may vary greatly between years due to environmental parameters and other factors 
that affect habitat (Ricklefs 1979; Murphy et al. 1990).  Short generation times and relatively 
high reproductive rates contribute to greater population growth rates.  Accordingly, Utah 
valvata frequently occur at high densities in colonies where conditions are appropriate, and 
lower densities where habitat quality is suboptimal.  In the case of Utah valvata, although 
their numbers vary greatly within each season, the observed variation is intrinsic in the life 
history and sharp seasonal declines do not indicate a long-term population decline.  For such 
species, it is less useful to use the absolute population size as a measure of species or 
population health over the long term, and greater emphasis should be placed on the number 
of viable populations. 

F. Threats to the Species 

1. Habitat Modification 

The Utah valvata can thrive in lentic (lake) habitats, making the massive modification of the 
Snake River due to the construction and operation of dams less of a concern than it is for 
other lotic-dependent species (e.g., Snake River physa; see Chapter 7).  In some cases, these 
alterations may actually have increased the amount of habitat available to Utah valvata (e.g., 
Lake Walcott).  Similarly, some aspects of the increased hydrologic control associated with 
dam operations have changed the character of the river, resulting in slower velocities and the 
retention of more sediment, which may have also increased potential habitat for the species.  
Habitat destruction for the Utah valvata more likely occurs in smaller projects such as bank 
stabilization, where fill material (frequently hard materials, e.g., rip rap) cover soft sediment 
habitats. 

Federal and private water projects withhold, store, and release water to coincide with 
irrigation needs, which substantially differ from flows occurring under a natural hydrograph.  
Operations that change water stages in rivers and lakes are documented to have negative 
impacts on aquatic species (Fisher and LaVoy 1972; Kroger 1973; Brusven et al. 1974; 
Brusven and MacPhee 1976; Gersich 1980; Gislason 1980; Morgan et al. 1991; Frest and 
Johannes 1992b; Christman et al. 1996).  In these studies aquatic insects or mollusks 
perished when their habitats became dewatered.  In the action area, Utah valvata snails have 
annually experienced dewatering at several locations, including but not limited to American 
Falls Reservoir, the river reach below American Falls Dam, Lake Walcott, and the spillway 
below Minidoka Dam.  For example, S. Lysne and C. Myler (in litt., 2003) found an 
unquantified but substantial number of live Utah valvata stranded above the water line on 
August 6, 2003, when American Falls Reservoir was at approximately 14 percent capacity 
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(238,911 acre-feet, elevation 4317.68 feet).  In 2004, they sampled on July 1 and 2, when the 
reservoir was at about 40 percent capacity (691,192 acre-feet, elevation 4333.77 feet); they 
did not find any live Utah valvata stranded either above the water line or below the water 
surface in this zone.  This may indicate that habitat must remain wetted for more than 1 year 
for Utah valvata to re-colonize available habitats in American Falls Reservoir.  This is 
consistent with findings at Lake Walcott, where consistent annual operations seem to limit 
the expansion of Utah valvata to the zone that is annually dewatered. 

2. Water Quality and Quantity 

Water temperature and dissolved oxygen have been noted as critical parameters for species 
associated with cold-water habitats such as the Utah valvata and are likely important factors 
controlling the distribution of this species.  The exact water quality requirements of the Utah 
valvata are not known; our understanding of the species’ needs comes mostly from field 
observations and a limited number of controlled experiments.  Of the listed Snake River 
snails, the Utah valvata has the largest documented range, which may be partially attributable 
to its ability to withstand some degree of water quality conditions that do not meet the cold-
water standards established for the native biota of the Snake River.  Factors that are known to 
degrade water quality include reduced water flow velocity, warming due to impoundments, 
and increases in the concentration of nutrients, sediment, and other pollutants reaching the 
river.  All of these factors lead to chronic or acute deterioration of water quality and can 
generally be expected to result in the death, injury, reduced fecundity, and decline of Utah 
valvata populations.  The precise thresholds for these effects are not known at this time, with 
the exception of some work on temperature effects. 

Lysne (2003) conducted controlled laboratory experiments on the Utah valvata, the results of 
which provide some information on the species’ thermal tolerances.  Lysne found that Utah 
valvata died within 7 days when temperatures were held at 30.5 °C and that mortality was 
lower in treatments that maintained water temperatures at 18.5 °C or less.  Although survival 
at the higher temperatures suggests a degree of thermal tolerance, Lysne did not address sub-
lethal effects.  Michelson (1961) found that aquatic snails maintained at 30 °C lost or had 
reduced female reproductive organs and that reproduction was stimulated at lower 
temperatures (15 °C).  These findings indicate that although snails may be found in areas that 
periodically reach elevated temperatures, their reproductive fitness may be reduced, and this 
could have long-term population effects and increase the potential for colony extirpation in 
the face of other threats.  It is not known what other sub-lethal effects impaired water quality 
may have on the reproduction, survival, or other life history characteristics of this species. 

Even with some tolerance for degraded water quality, the current distribution of the species 
strongly suggests its reliance on relatively good quality water.  It is known from the middle 
Snake River only from cold-water springs and tributaries where it can reach moderate to high 
densities, 64 to 6,896 per square meter at Thousand Springs (Idaho Power 2004).  By 
contrast, in extensive surveys by Idaho Power and others, no living colonies have been found 
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in this reach of the mainstem Snake River, where water quality is poor.  Upstream, an 
apparently healthy population persists in Lake Walcott where water quality is relatively 
good.  Water quality upstream from this reservoir is also good relative to areas downstream 
from and including Milner Reservoir (Clark et al. 1998), which may explain the presence of 
Utah valvata in the upper reaches.  Pebble snails (Fluminicola) are frequently present at sites 
immediately adjacent to habitats with Utah valvata and Fluminicola are dependent on cool- 
to cold-water of good quality (Frest and Bowler 1992). 

Water quality parameters other than temperature are also of concern, but specific information 
is presently lacking.  Again, the restriction of the Utah valvata to spring habitats in areas 
where river water quality becomes regularly degraded (e.g., reach between Milner Dam and 
Twin Falls) provides qualitative evidence that water quality is a limiting factor in the 
distribution of this species (EPA 2002).  In addition, infrequent and unpredictable 
contaminant spills represent an historical and ongoing threat to the Utah valvata and other 
aquatic species in the Snake River (Service et al. 1994; California Department of Fish and 
Game 2000). 

Water quantity is also of concern to the species in the action area, particularly below Milner 
Dam.  Reclamation states that “Milner Dam is generally considered to be the lowest control 
point in Reclamation’s O&M [operations and maintenance] in the Snake River system above 
Milner Dam” (Reclamation 2004).  Reclamation does not own or manage the dam and three 
of the irrigation canal control headgates.  The agency does own the Milner Gooding Canal 
headgate.  According to Watermaster District 01 reports for the period from 1995 to 2003, 
the diversions at Milner Dam supplied an annual mean volume of 2,644,642 acre-feet of 
water for distribution.  Of that, diverted water originating from Reclamation storage facilities 
accounted for quantities ranging from 320,226 to 1,389,218 acre-feet (11 to 56 percent of the 
water diverted at Milner Dam).  This does not include other Milner Pool withdrawals, which 
accounted for an additional annual average of 59,113 acre-feet.  Estimates of unregulated 
flow in the Assessment indicate that around 90 percent of flows in the Snake River between 
May and September are diverted at or before Milner Dam.  During the irrigation season, 
flows from Milner Dam downstream may be reduced to between less than 1 cfs up to 200 cfs 
(U.S. Geological Survey 2005).  In this period, most water accretion in this reach for the first 
49 miles below the dam is from irrigation return flows, resulting in very poor water quality.  
Spring contributions of good water quality to the Snake River begin to become significant at 
and below Briggs Creek (RM 590.3) (EPA 2002).  These factors have affected the 
distribution of Utah valvata, making it very unlikely that the species has persisted in this 50-
mile reach. 

Reclamation’s release of salmon flow augmentation water past Milner Dam when it is 
available has increased flows during the summer in some years since 1991, primarily 
between June 20 and August 31.  Table 2 in Chapter 1 on page 7 shows what volumes of 
water have been provided for salmon augmentation since 1991.  Although increased flows 
during the summer months may have provided some potential benefits to aquatic habitat in 
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terms of water quality and quantity, the flow releases are of short duration.  After the quantity 
of water for a given year is delivered, flows are usually decreased to less than 200 cfs for the 
remainder of the irrigation season.  Therefore, even with salmon flow augmentation, 
dewatering and poor water quality likely preclude or severely limit potential for Utah valvata 
to occur in the reach from Milner Dam to the middle Snake River. 

3. Habitat Fragmentation 

Dams on the Snake River constitute complete barriers to the upstream movement of Utah 
valvata snails and partial barriers to downstream movement; they probably only allow for 
downstream dispersal during periods of high flows.  Because this species is not excluded 
from reservoir habitats, periodic high-water events or water operations that allow increased 
flows or transport of sediments may move Utah valvata from an upstream subpopulation to 
an adjacent one that lies downstream from a dam.  Still, presence of the dams likely limits 
recruitment and establishment of new colonies. 

Degraded water quality is an important factor in habitat fragmentation.  This appears to be 
the case with the Utah valvata populations at Box Canyon and Thousand Springs, tributaries 
to the middle Snake River, which are isolated from one another by the poor water quality in 
the mainstem river.  Upstream from Milner Pool, water quality is less degraded and in many 
areas is relatively good, which likely accounts for the more continuous distribution of Utah 
valvata in the Snake River from the Minidoka reach upstream to American Falls Reservoir 
and above. 

4. Introduced Species 

The New Zealand mudsnail (Potamopyrgus antipodarum) is a non-native snail that is present 
throughout a large portion of the action area; in some locations it may reach densities of up to 
500,000 per square meter.  Successful invasion and rapid population growth of the mudsnail 
have been observed to be closely correlated with declines of native aquatic species, including 
snails (Cada 2001; Kerans 2001; Gustafson in Richards 2001).  The mudsnail has been 
shown to spread and reproduce rapidly and greatly deplete the standing crop of aquatic algae 
and periphyton (Cada 2001; Hall 2001; Hall et al. 2003).  The New Zealand mudsnail 
appears to tolerate watercourses with relatively low dissolved oxygen and mud or silt 
substrates, although they may also be abundant on hard substrates and under conditions of 
good water quality.  The New Zealand mudsnail is present in relatively low densities in areas 
occupied by the Utah valvata (e.g., Eagle Rock and Minidoka reach, Snake River, Idaho).  
However, its known habitat conditions, which overlap somewhat with Utah valvata’s, 
indicate that some degree of competition may occur between it and the Utah valvata.  Given 
the ecosystem-scale effects posed by the mudsnail in some habitats (Hall et al. 2003) its 
presence is of concern, although we do not have specific information regarding the potential 
interaction between the two species. 
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G. Conservation Needs 

For Utah valvata to be recovered, viable subpopulations need to be sustained and protected in 
suitable habitats from RM 572 to 709; securing upstream populations in American Falls 
Reservoir and the lower Henrys Fork would enhance the species survival and recovery.  
Suitable habitats have mud or sand substrates throughout the river profile and adjacent 
springs and have good water quality:  temperatures below 18.5 °C, dissolved oxygen 
concentrations above 6 milligrams per liter, and pH levels between 6.5 and 9.5.  Presently 
occupied habitats should be conserved, and threats such as dewatering and degraded water 
quality should be managed and minimized. 

H. Information Limitations 

As required by the Endangered Species Act, the Service uses the best available scientific and 
commercial data to develop our Biological Opinions regarding Federal actions that may 
affect listed species and critical habitat.  In many cases, these data are experimentally sound, 
peer-reviewed, and scientifically accepted.  In other cases, the data may be anecdotal, 
observational, or derived from scientific efforts with less-than-experimental rigor.  This 
Opinion is based on the best available scientific and reliable commercial data for the Utah 
valvata. 

Assessing potential threats to the long-term survival of the Utah valvata relies on an 
understanding of the species’ status throughout its range and over an extended period of time.  
Although unstructured and qualitative surveys of the upper Snake River have provided 
information on the occurrence of the Utah valvata in areas where it was not previously 
known (D. Gustafson, pers. comm., 2003), this information has produced uncertainty with 
regard to its distribution, abundance, and habitat requirements.  Samples from more extensive 
and quantitative surveys collected from specific locations in the upper Snake River in late 
2004 are still being sorted and will likely provide important information.  With the possible 
exception of the population at Thousand Springs, no colonies have been monitored for a long 
enough duration to ascertain useful population trends.  This means that we do not know how 
long the largest or smallest populations have been present, how they fluctuate over multiple 
generations or through drought cycles, or how to quantify extinction risks due to low-level or 
chronic threats. 

The approved Snake River aquatic species recovery plan (Service 1995) lays out the nature 
and extent of information needed to better understand the status of the species and to better 
ascertain the specific factors and mechanisms that affect their reproduction, numbers, and 
distribution.  Although Reclamation has collected information on the distribution and range 
of the Utah valvata, as well as some data on project-related effects, a better quantification of 
project-related impacts is needed for a more complete assessment of population viability 
within each river reach, metapopulation dynamics among the different reaches, and the 
habitat requirement of the species.  Given these data limitations, project-related effects 
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analysis for this Opinion must include some assumptions and extrapolations in order to 
evaluate Reclamation’s effects on the species. 

II. Environmental Baseline 
Regulations implementing the Act (50 CFR §402.02) define the environmental baseline as 
the past and present impacts of all Federal, State, or private actions and other human 
activities in the action area.  The environmental baseline also includes the anticipated impacts 
of all proposed Federal projects in the action area that have already undergone section 7 
consultations and the impacts of state and private actions that are contemporaneous with the 
consultations in progress. 

A. Status of the Species in the Action Area 

Reclamation’s proposed action has potential to affect Utah valvata throughout its range, from 
the Henrys Fork downstream to the middle Snake River in the Thousand Springs area.  As 
such, baseline conditions are the same as those discussed in “Status and Distribution” in 
Section I of this chapter.  In this section, the Service is providing more detailed information 
about distribution and densities of the species, organized by river reaches that relate to the 
proposed action.  The following environmental baseline information was taken from 
Reclamation’s Assessment (2004) and other cited sources. 

1. Upper Snake River Reach – the Lower Henrys Fork (RM 10) to its Confluence 
with the Snake River (RM 832.3), and the Snake River to American Falls 
Reservoir (RM 735.6) 

This reach lies outside of the Utah valvata’s designated recovery area (Service 1995), but the 
species has been documented here.  Its presence in this reach was not known when the 
recovery plan was finalized in 1995.  A systematic survey was recently completed in this 
reach (summer and fall of 2004), but the results have not been fully tabulated.  For this 
Opinion, older more qualitative data are our primary information sources and are sufficient 
for the analysis. 

Colonies of Utah valvata have been found in the Snake River near the towns of Firth 
(RM 777.5), Shelley (RM 784.6), Payne (RM 802.6), Roberts (RM 815), and in the Henrys 
Fork approximately 9.3 miles upstream from its confluence with the Snake River (at Snake 
RM 832.3) (D. Gustafson, pers. comm., 2005).  Follow-up surveys by the Service confirmed 
Utah valvata at the Firth site at low densities.  At the Firth site, live Utah valvata and empty 
shells were found only at depths greater than 1.8 meters.  These surveys occurred during 
periods of low winter flows (U.S. Geological Survey data, gauge 1306000).  A sampling visit 
near the town of Blackfoot (RM 764.2, between Firth and American Falls Reservoir) did not 
detect any Utah valvata (D. Gustafson, pers. comm., 2003).  However, given the low 



Environmental Baseline Utah Valvata – Chapter 6 

March 2005 U.S. Fish and Wildlife Service 119 

intensity and short duration of this survey effort, it is inappropriate to make conclusions 
about presence or absence of Utah valvata in this area.  Based on the relatively high densities 
of Utah valvata from some of these upstream sites (D. Gustafson, pers. comm., 2003) and 
their presence in lower American Falls Reservoir, it is probable that some colonies of Utah 
valvata are present between Firth and American Falls Reservoir.  The species has not been 
found upstream from the described location on the Henrys Fork or in the South Fork of the 
Snake River, although surveys in these areas have been too limited to draw conclusions about 
the species distribution in the Henrys Fork. 

2. American Falls Reservoir (RM 735.6 to 714.1) 

Reclamation undertook a fairly extensive survey of American Falls Reservoir in June 2002, 
which showed Utah valvata to be present in habitats not typically dewatered during annual 
drafting of stored irrigation water.  A total of 461 live Utah valvata were found at 21 percent 
(37 of 178 plots) of the sites sampled in water greater than 8.5 meters deep (Weigel 2003).  
All of those sites were in the downstream half of the reservoir, and densities were highest at 
the most downstream sites.  In 2003, four transects were sampled, two of them yielding live 
Utah valvata, all below the water surface elevation.  Mean densities were 49.6 snails per 
square meter.  Reclamation (2004) stated that Utah valvata was collected “usually only [sic] 
from locations that remain watered more than 95 percent of the time,” which is elevation 
4311 feet.  In their Assessment, Reclamation concluded that reservoir operations likely 
prevent the species from occupying most of the reservoir.  No trend data are available for this 
reservoir. 

3. Neeley Reach – American Falls Dam (RM 714.1) to Lake Walcott (RM 702.5) 

Surveys in this reach have provided limited information on what appears to be a fairly large 
and viable population of Utah valvata.  For the Vista/Neeley site (near RM 709), 
Reclamation’s data (Weigel 2003 and Reclamation survey data) show snails at low to high 
densities (4 to more than 2,500 snails per square meter) at 46 percent of the plots sampled.  
Reclamation’s 2001 shoreline surveys in this area provided similar numbers, but these were 
in habitats that annually undergo dewatering, stranding Utah valvata (Weigel 2002).  Based 
on these 2 years of data from the Vista/Neeley site, this reach does appear to maintain a 
reproducing population of the species, at least over the short duration studied.  Although little 
data are provided, Reclamation reported that Utah valvata may have undergone declines in 
the Massacre Rock area (near RM 706) between the 1997-1998 and 2001 sample periods 
(Weigel 2002). 

4. Lake Walcott (RM 702.5 to 673.5) 

Lake Walcott may contain the largest population of Utah valvata in the Snake River system.  
This is likely due to relatively good water quality in the lake, the large area of suitable habitat 
that remains submerged, and the fact that the reservoir fluctuates no more than 1.5 meters 
annually.  Utah valvata colonies were found in 62 percent of the samples collected in both 
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2001 and 2002, suggesting that colonies were stable in the lake over this period, although the 
average density, at depths greater than 2 meters, was greater in 2002 (Weigel 2002, 2003).  A 
similar distribution frequency was detected farther upstream in the lake at the Coldwater Site 
but with a greater degree of variation in the average densities (Weigel 2002, 2003).  Where 
colonies were detected, their densities ranged from 1 to 1,188 snails per square meters (both 
sites, 2001 and 2002 data combined) (Weigel 2003).  These data, though limited, suggest that 
there is a large and well distributed population of Utah valvata that occupies Lake Walcott. 

5. Minidoka Reach – Minidoka Dam (RM 673.5) to Milner Pool (RM 666) 

Surveys conducted for Reclamation from 1992 to 1997 (Frest and Johannes 1993a; Ralston 
& Associates 1998) located Utah valvata at a number of locations in this reach.  Subsequent 
surveys between 1997 and 2001 have not relocated them.  Surveys for Utah valvata in the 
river reach have not been conducted since 2001.  The loss of fine sediment habitats due to 
high water in 1997 likely explains their absence at the time of later surveys (Ralston & 
Associates 1998).  Reclamation surveys conducted since 1998 found live snails in the tailrace 
area of Minidoka Dam (Weigel 2002), but surveys conducted prior to issuance of the 
Assessment failed to detect this species live at this location (Weigel 2003).  This reach is 
most likely periodically colonized by Utah valvata from the upstream Lake Walcott 
population, with individuals being washed into this reach during annual high irrigation flows, 
both through the powerhouse penstocks and over the bypass spill way.  It is likely that Utah 
valvata persist in low numbers or undetected colonies in this reach at a number of locations 
or could re-colonize this reach from Lake Walcott during favorable water years. 

6. Milner Pool (RM 666 to 639.1) 

There are no documented surveys of this reservoir and no information on the presence or 
absence of Utah valvata.  However, water quality conditions in this reach are poor compared 
to upstream and downstream locations that support colonies of the species 
(Reclamation 2004).  The Service concludes that the species is unlikely to occur in Milner 
Pool. 

7. Milner Reach – Milner Dam (RM 639.1) to Lower Salmon Falls Reservoir 
(RM 579.6) 

No populations or colonies are known to exist in the mainstem Snake River in this reach.  
Operations at Milner Dam and other factors affecting water quality have rendered habitat 
unsuitable downstream from the dam, and Utah valvata are assumed to have been extirpated 
from the upper portion of this reach.  There are two confirmed populations of Utah valvata in 
this reach farther downstream, both confined to spring-fed tributaries with good water 
quality.  The population at Thousand Springs (RM 585) is comprised of two colonies that 
number in the thousands (Frest and Johannes 1992a).  The Box Canyon area also contains 
two colonies, one in the tributary itself and another a short distance downstream in the Snake 
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River that in a spring-fed “bay.”  The Box Canyon population was suggested to be composed 
of “several hundred thousand” (Taylor 1985). 

Taylor (1982d) found empty shells below C.J. Strike Dam (RM 495).  There is also a record 
of a single collection of Utah valvata in Upper Salmon Falls Reservoir in the mid-1980s 
(Idaho Power 2003a; Beak Consultants, Inc., in litt., 1990).  In extensive surveys of the 
mainstem Snake River downstream from Upper Salmon Falls Reservoir, Idaho Power failed 
to find live or dead Utah valvata (Idaho Power 2003b).  Additional populations could be 
present in this reach where water quality conditions are suitable (e.g., Niagara Springs), but 
we lack substantiated documentation of their presence. 

B. Factors Affecting the Species in the Action Area 

Utah valvata’s known range falls entirely within the action area for this Opinion.  As such, 
factors affecting the species are the same as the threats described in “Threats to the Species” 
in Section I of this chapter. 

C. Recent Section 7 Consultations 

Two recent section 7 consultations including Utah valvata are relevant to this Opinion.  One 
was for Federal Energy Regulatory Commission’s relicensing of Idaho Power’s hydroelectric 
facilities in the middle Snake River (Service 2004a).  In that Opinion, the Service concluded 
that operation of the Upper Salmon Falls hydroelectric facility could adversely affect Utah 
valvata that may occur in the reservoir (RM 582).  We determined that the action would not 
result in significant changes in the numbers, distribution, or reproduction of the species, and 
as such, was not likely to jeopardize Utah valvata.  The primary rationale for that conclusion 
was that effects were confined to a very small, and relatively unimportant, portion of the 
species range. 

The second consultation was with Federal Highway Administration for demolition of the old 
Firth Bridge (RM 777.5) (Service 2004b).  Effects of this action were expected to be short-
term and localized and would result in death or injury to only a small number of snails that 
may be present in the action area.  In this Opinion, we concluded the proposed action would 
not jeopardize the continued existence of Utah valvata. 

III. Effects of the Proposed Action 
Regulations define effects of the action as “the direct and indirect effects of an action on the 
species or critical habitat, together with the effects of other activities that are interrelated or 
interdependent with the actions, that will be added to the environmental baseline” 
(50 CFR §402.02). 
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A. Direct and Indirect Effects 

Direct effects are defined as the direct or immediate effects of the action on the species or its 
habitat.  Indirect effects are defined as those effects that are caused by or result from the 
proposed action, are later in time, and are reasonably certain to occur. 

1. General Effects of the Proposed Action 

Water Management 

Reclamation’s proposed action has potential to affect Utah valvata through flow regulation 
and management that affects water levels in reservoirs and in free-flowing reaches of the 
Snake River.  Modification of river and reservoir water levels renders some potential habitat 
permanently unsuitable for the species because it is regularly dewatered by project operations 
and other actions and factors that influence water elevations.  Below that level are zones of 
the reservoirs and river that are wetted often enough and for sufficient periods for colonies of 
Utah valvata to become established.  In the deepest parts of reservoirs and river reaches, 
dewatering of Utah valvata habitat will happen less frequently over the life of the action. 

Colonies and individuals below the level that is permanently unsuitable because of 
dewatering are also vulnerable to adverse effects from water level fluctuations.  Effects on 
snails are likely to be death associated with desiccation from exposure, especially during 
periods with extreme high or low air temperatures.  It is also likely that snails are more 
vulnerable to predation during periods of exposure.  Although the species has shown some 
tolerance to exposure, these areas are dewatered for long periods of time, and few if any of 
the individuals exposed would be likely to survive.  The one possible exception is areas with 
other water sources, such as tributaries, springs, or seeps.  Food sources are also likely to be 
affected, which may influence habitat quality in the succeeding years when dewatered areas 
are re-inundated. 

Generally, water levels in reservoirs will rise from late fall through April when irrigation 
season begins, at which time levels recede as Reclamation provides water to irrigators 
downstream.  In most years, the lowest water elevations in the reservoirs are expected to 
occur at the end of the irrigation season, in the fall of the year, and levels rise with natural 
inflow from precipitation and upstream sources.  Conversely, Utah valvata in free-flowing 
reaches are likely to experience highest water levels during late spring and summer when 
water is released from reservoirs and delivered downstream.  Dewatering of Utah valvata 
habitat in reaches below dams is expected to occur during the time that Reclamation is 
storing water. 

The number of snails that would be exposed during Reclamation’s project operations will 
depend on conditions in preceding water years.  One or more higher water years will allow 
snails to become established in shallower habitats, leaving more individuals and larger 
colonies vulnerable to adverse effects when the next drawdown below that level occurs.  A 
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dry year following one or a series of wet years will result in a greater number of snails being 
exposed compared to either wet or dry years following one or a series of dry years. 

The effect of losing all snails in exposed habitat is more significant in some locations than 
others.  In the unimpounded river reach below Milner Dam, for example, Utah valvata has 
likely been extirpated by previous activities that completely dewater the Snake River for long 
periods of time.  In other locations, the species has shown a historical resilience that is poorly 
understood.  For example, the species is currently persisting in American Falls Reservoir in 
spite of fairly severe conditions associated with operation of the project.  A minimum pool 
has not been designated for American Falls Reservoir, and in some years, water is drawn 
down to the level of the pre-impoundment river channel.  The species persists in the 
reservoir, however, suggesting an ability to recover from losses of large numbers of 
individuals and colonies. 

Water Quality 

Reclamation’s proposed action, and actions interrelated and interdependent to it, influence 
water quality in the action area.  The action affects water quality by reducing flows and 
changing the timing of flows.  The interrelated and interdependent agricultural return flows 
associated with Reclamation water deliveries contribute to poor water quality in the Snake 
River and its tributaries and springs.  As discussed in “Threats to the Species” in Section I of 
this chapter, Utah valvata occurs in areas with relatively good water quality and is present in 
lower densities or completely absent from reaches of the Snake River where water 
temperatures are high, dissolved oxygen low, and there are high levels of nutrients or 
contaminants.  Generally, water quality declines progressively from the upstream to the 
downstream extent of the action area.  Under the proposed action, we expect these conditions 
to persist, and to the degree water quality impairment is a result of Reclamation’s operations, 
the action will continue to limit the distribution of Utah valvata. 

2. Site-specific Effects of the Proposed Action 

Upper Snake River Reach 

Utah valvata occur in the reach of the Snake River basin from RM 9.3 on the Henrys Fork 
downstream at least to Shelley on the Snake River.  As previously noted, discoveries of the 
species above American Falls Reservoir are relatively recent, and distribution of the species 
here is very poorly understood.  In addition, the Service does not have information about 
depth distribution of the species in this part of its range; we have data from one location 
where no snails were found at depths less than 1.8 meters.  Our analysis for this reach is 
further complicated by the limited information Reclamation provided to us about expected 
effects of operations on river stage elevations on the Snake River from the Henrys Fork 
confluence to American Falls Reservoir.  Based on information in the Upper Snake River 
MODSIM model, exceedance curves show a minimum flow of 1,039 cfs at the Snake River 
near Shelley, which equates to river stage height of approximately 1.2 meters. 
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By extrapolating this very limited information, it is reasonable to conclude that 
Reclamation’s proposed action, specifically operation at Island Park and Palisades Dams, is 
likely to result in dewatering of Utah valvata and its habitat in this reach, resulting in adverse 
effects.  However, the Service cannot extrapolate this and draw reasonable or defensible 
conclusions about the frequency, magnitude, or significance of those effects. 

Below Firth, Utah valvata snails have not been detected, although this finding is from a 
single survey in the Blackfoot area.  Based on an analysis of Water District 01 Watermaster 
Reports from 1990 to 2003, the majority of water diverted near Blackfoot (ranging from 59 
to 100 percent) is under natural flow rights and is not related to Reclamation’s proposed 
action.  Additionally, a modeled analysis of “with and without” project operations 
(Reclamation 2004) indicated that flows at Blackfoot would be lower without flows provided 
by the proposed action from July through October.  Due to natural flow diversions, average 
monthly flows at Blackfoot without Reclamation’s operations in an average year 
(Reclamation, in litt., 2004) would be 934 cfs in August and 554 cfs in September.  Under 
the proposed action, average flows for August and September are 3,246 cfs and 2,361 cfs, 
respectively.  Based on these factors, we do not anticipate that Reclamation’s proposed 
action will likely adversely affect Utah valvata in this reach below the currently known 
occurrences near Firth, Idaho. 

American Falls Reservoir 

The Service anticipates that Utah valvata will be subject to adverse effects resulting from 
operation of American Falls Dam that alter water elevations in the reservoir.  In all years, 
Reclamation’s proposed action will result in stage fluctuations in American Falls Reservoir 
that will expose Utah valvata and its habitat, resulting in adverse effects, most of them lethal.  
Several information limitations confound our efforts to predict the extent of the effects that 
will result from those fluctuations. 

Drafting of American Falls Reservoir is extreme and highly variable, changing from year to 
year due to irrigation demands, weather and precipitation, and available water supply.  
Reclamation has provided some information about the proposed action in terms of 
anticipated water levels associated with operation of American Falls Dam and how often 
those conditions will occur.  However, they were unable to provide detailed information 
about the bathymetry of American Falls Reservoir.  Therefore, we cannot precisely predict 
the location and amount of habitat exposure associated with various reservoir stages. 

Information about distribution and abundance of Utah valvata in American Falls Reservoir is 
limited, with extensive survey information only available from 2002.  As stated in the 
Assessment and in the preceding section of this chapter, the size of the Utah valvata 
population present in American Falls Reservoir and the number of snails to be exposed 
during drafting will depend on prior water years.  One or more high water years will allow 
snails to become established in shallower habitats in the reservoir.  A dry year following one 
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or a series of wet years will result in a greater number of snails being exposed compared to 
either wet or dry years following one or a series of dry years.  The most extensive surveys in 
American Falls Reservoir were in 2002, a low water year that had been preceded by at least 
one dry year.  We lack snail distribution data on different water year types.  The Service 
acknowledges that the total size of the population and the proportion of the population 
affected by drafting between different water year types will vary, but our estimates must rely 
on the single year of snail data (2002) collected for this species at American Falls Reservoir. 

Another factor that complicates our analysis is the uneven distribution of Utah valvata in the 
reservoir.  The species was collected most often from the downstream half of the reservoir, 
and from depths below water elevation 4311 feet. 

Acknowledging these information limitations, the Service has developed an approach to 
completing this analysis.  See Appendix A for a display of the information used in this and 
the following sections.  Our approach depended on using area capacity (reservoir surface 
acres to reservoir capacity) to predict the amount of benthic substrates exposed.  Using data 
from Reclamation’s 2002 surveys, including number of snails at collection sites and depth 
distribution of the sites, the Service has estimated the proportion of Utah valvata present that 
would be exposed and adversely affected under the proposed action. 

Our calculations reflect Reclamation’s estimates that Utah valvata distribution in American 
Falls Reservoir is limited by their water operations, with most of the population being 
restricted to deeper portions of the reservoir that are least frequently dewatered.  This 
approach will necessarily overestimate the numbers of snails exposed because data provided 
do not allow us to account for uneven distribution of snails from the upstream end of the 
reservoir to the dam.  However, it is sufficient for a rough understanding of the relative 
effects of various operational scenarios. 

The Service does not have definitive information regarding the frequency of operations 
Reclamation anticipates over the coming 30 years at American Falls Reservoir.  Under 
Reclamation’s proposed action, there will be no required minimum pool, and all storage 
water could be removed from American Falls Reservoir, leaving only a dead pool area with 
approximately 475 acres of wetted/submerged habitat.  Reclamation anticipates this level will 
occur in 5 percent of years (2 of the next 30 years).  When the reservoir is at dead pool, 
3 percent of the benthic habitat in the reservoir will remain submerged, and 97 percent will 
be exposed.  An estimated 85 percent of the Utah valvata population in American Falls 
Reservoir will be exposed and likely die in this scenario.  We do not expect this will occur in 
consecutive years.  During most years, the reservoir will not be drafted to this extreme low. 

Since 1992, the lowest elevation of the reservoir for a 4-day period was 4,303.4 feet in 
September 1994.  According to Reclamation (2004), the 4-day period is relevant because it is 
the estimated time frame for desiccation of Utah valvata.  When the reservoir is drafted to 
this elevation, approximately 40 percent of the reservoir’s population will be exposed and 
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killed due to desiccation and thermal stress.  At the higher reservoir elevation of 4,311 feet, 
only 5 percent of the Utah valvata population will be exposed and killed. 

Reclamation did not provide consistent information describing the frequency of various 
minimum reservoir elevations (see Reclamation 2004 and Reclamation, in litt., 2005), except 
the dead pool.  As such, it is not possible to predict frequency of the various rates of mortality 
of Utah valvata associated with drawdown.  For purposes of this analysis, the Service must 
make assumptions about the range of future conditions.  These are derived from a variety of 
information sources provided by Reclamation.  They did predict that American Falls Reservoir 
will be drafted to dead pool in 5 percent of years.  We assume that the minimum reservoir level 
will be between 4,295.6 and 4,303.4 feet in an additional 5 percent of years.  For 85 percent of 
years, elevations will range between 4,303.4 and 4,311 feet, and between 5 and 40 percent of 
Utah valvata present would be exposed and killed.  In the remaining 5 percent of years, 
elevations will not go below 4,311 feet, and 5 percent or fewer of the snails present will be 
exposed and die. 

The Service referred to historical data as part of our assessment of the importance of the 
effects we anticipate.  A review of Reclamation’s Hydromet data revealed that reservoir 
elevations dropped below 8,439 acre feet, 4,300 feet elevation, seven times since 1925, and 
to the dead pool elevation of 4,295 feet one time (in 1977).  The result of these operations 
was exposure of more than 95 percent of available habitat and likely loss of all exposed Utah 
valvata that were present.  At reservoir volumes below 10,000 acre-feet, water quality in the 
reservoir becomes poor (Reclamation 2004), which is likely to have negative impacts on the 
remaining snail population.  Despite being exposed to this severe drafting, Utah valvata 
populations in the reservoir are present and have re-colonized previously exposed habitats. 

Although we expect that Utah valvata will be subject to lethal effects every year of the 
proposed action, the American Falls Reservoir population remains present and has re-
colonized large areas of submerged habitat in wetter years.  Although it is plausible that this 
population could be extirpated during a series of critically dry years when the reservoir level 
was emptied to the dead pool, for purposes of this analysis, we do not expect more than 
2 total years of these conditions under the proposed action, and we do not expect them to 
occur consecutively.  The Service concludes that the population in American Falls Reservoir 
will persist during an isolated extreme drafting event (such as we expect under the proposed 
action) and will recover to some extent as the reservoir refills with subsequent years of 
average or higher water and more favorable conditions. 

Neeley Reach 

Water releases from American Falls Dam will reach their minimum during the non-irrigation 
period (October 15 to April 1).  Under the proposed action, the minimum release from 
American Falls Dam will be 350 cfs (Reclamation, in litt., 2005).  During the irrigation 
season, flows of 6,000 to 11,000 cfs are common, and flood operations may result in flows as 
high as 42,000 cfs. 
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Reclamation’s Assessment states that operations under the proposed action will dewater 
approximately 23 to 50 percent of the Utah valvata habitat available in this reach in any 
given year.  They conclude, however, that the associated mortality will depend on prior water 
years with high water years allowing for a greater degree of snail recruitment to shallow 
zones during high river stage.  For example, winter flows from 1995 to 2000 did not drop 
below 1,000 cfs; these consecutive high water years allowed Utah valvata to become more 
established in these inundated areas.  During the winter of 2000, flows from American Falls 
Dam dropped to just above 300 cfs for an extended period, which dewatered habitats that had 
been inundated for the past 5 years.  In contrast, the following years (2001, 2002, and 2003) 
also had winter releases in the 300 to 400 cfs range, so snails would have been less likely to 
become well established in these higher zones.  This factor led Reclamation to estimate that 
actual snail mortality associated with shoreline drafting would range from 2 to 50 percent of 
the individuals in this reach since available habitat that was inundated during the summer 
would not be as thoroughly colonized due to low winter flows.  Their assumption is that the 
6-month period of irrigation and high flows, without the accompanying high (over 1,000 cfs) 
winter flows, does not allow for thorough colonization of habitats at river stages submerged 
from 300 to 1,000 cfs.  Reclamation’s assumption is based on 2 years of data collected during 
below average water years (2000 through 2002).  Their assumption is also complicated by 
the fact that Utah valvata distribution and density is both patchy and highly variable. 

Although Reclamation’s analysis has merit, the Service is not confident that Utah valvata 
recruitment into inundated zones is limited by winter flows during high water years.  Given 
the relatively small area of shoreline at different river stages (i.e., the short linear distance 
between edge-water habitats between winter low and summer high flows), Utah valvata are 
probably able to re-colonize most submerged zones during the summer high flows.  This 
assumption is supported by Reclamation’s surveys that find snails in the zone that is 
dewatered annually over the winter.  For this reason, we believe it is more appropriate to 
work under the assumption that Utah valvata recruit into shallow water zones when flows are 
high for several months and that the best measure of operations-related effects is habitat 
exposed rather than estimated snail numbers. 

Using Reclamation’s (in litt., 2003) snail data from 2001 through 2003, the Service estimates 
the mean density of Utah valvata within the Neeley reach is 88.2 snails per square meter.  
This takes into account the negative findings of 2001 and assumes snails are not present in all 
locations in this reach of the Snake River (snails were recovered from 33 percent of the 
samples taken).  We do not have any estimates on total amount of suitable submerged 
habitat, so we cannot provide an estimate of total population size for this river reach.  Using 
Reclamation’s Hydromet data on river stage in the Neeley reach and their snail sampling 
data, we calculated that between 46 and 54 percent of the river population in that reach was 
dewatered due to water withholdings for storage (see Appendix A).  This level of mortality is 
expected in the 30 percent of years (9 of the next 30 years) that flows will be as low as 
350 cfs.  In the remaining 70 percent of years (21 of the next 30 years), we expect that 
mortality due to habitat exposure and stranding will be something less than 46 percent of the 
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population, although we cannot accurately quantify the percentage we expect under flow 
scenarios above the minimum. 

The Service concludes that, under the proposed action, minimum flows will protect at least 
half the population of Utah valvata in this reach and that the species will persist here. 

Lake Walcott 

Of the projects under consideration, Lake Walcott is operated with the least variability from 
year to year.  Following the irrigation season, the lake is annually drafted down 1.5 vertical 
meters from full pool and remains at that level through the winter to avoid ice damage to 
control structures.  Drafting of an additional 0.6 meters will occur in 5 percent of years (2 of 
the next 30 years).  Under the proposed action, the lake surface elevation will never drop 
below 4,238 feet (corresponding to 135,000 acre-feet of total reservoir volume) 
(Reclamation, in litt., 2005).  These consistent operations ensure that a significant percentage 
of the habitats occupied by Utah valvata in Lake Walcott remain submerged.  Operations at 
Lake Walcott will maintain a large amount of submerged habitat with relatively good water 
quality and will continue to support a well-distributed population of the species. 

As with our analysis for American Falls Reservoir, the Service relied on area capacity tables 
for Lake Walcott and data from surveys completed by Reclamation and others (see 
Appendix A) to determine likely percent of habitat exposed during proposed operations.  
Utah valvata occur in the uppermost 1.5 meters of Lake Walcott in very low densities relative 
to deeper zones.  We expect that no more than 0.5 percent of the population will be adversely 
affected by annual operations in 95 percent of years.  In the 5 percent of years that operations 
result in drafting of an additional 0.6 meters of the reservoir, habitats that are more densely 
occupied will become dewatered.  During such years, approximately 10.5 percent of the 
population within the lake may die.  However, it is estimated that 10,000 acres of benthic 
habitats remain watered and will not be drained under the proposed action.  Under the 
proposed action, 87.8 percent of Utah valvata habitat will remain submerged at all times, 
which protects an estimated 90 percent of the population from desiccation. 

The Service concludes, therefore, that Utah valvata populations will remain well-distributed 
and relatively abundant in this portion of the action area and may serve as a source area for 
colonization of suitable habitat downstream from Minidoka Dam. 

Minidoka Reach 

Under the proposed action, the reach below Lake Walcott and Minidoka Dam, extending to 
the tailwaters of the Milner Pool, will undergo annual flow fluctuations as water for irrigation 
is stored and delivered between facilities.  Summer flows will generally be between 7,000 
and 10,000 cfs to provide irrigation water to downstream users; winter flows will not drop 
below 400 cfs (Reclamation, in litt., 2005).  The Assessment states that at flows below 
400 cfs, “Utah valvata stranding and mortality begin to occur,” although it also states “that 
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no studies have been conducted…to quantify the relationship between listed snail habitat and 
flow.”  Based on a site visit with Reclamation personnel in February 2005, it is the Service’s 
position that Utah valvata habitat occurs at river stage levels at flows greater than 400 cfs.  
During the time of this visit, releases from Minidoka Dam were about 550 cfs, but silt-cobble 
substrates were exposed along sections of the river downstream (D. Hopper, in litt., 2005).  
Based on this observation, we assert that stranding of Utah valvata is likely to occur at flows 
above the proposed 400-cfs minimum. 

Based on the information currently available, it is likely that Utah valvata is present at low 
numbers, if at all, both within the bypass reach as well as in river habitats within and 
downstream from the tailrace.  Because of high densities of Utah valvata in Lake Walcott 
immediately upstream, there is potential for colonization of appropriate habitat from the 
tailrace downstream to the Milner Pool during the time period the proposed action will be 
implemented.  If snails are present in the shoreline or riverbed area that is submerged when 
flows are above 400 cfs, it is likely that these individuals would be exposed if winter flows 
reach the minimum level anticipated under the proposed action.  There is no information 
available to help quantify the extent of habitat dewatered or the size of any population below 
Minidoka Dam.  We anticipate that the number of snails present will be highly variable but 
will likely remain low. 

Surveys have detected both live snails and empty shells in the area immediately below the 
dam’s spillway.  The project is operated to provide a minimum of 1,300 cfs over the spillway 
in the summer, and flows are shut off annually in the fall.  It is likely that some number of 
Utah valvata snails will be annually dispersed to this area from Lake Walcott or upstream 
populations.  Any snails that are present in this reach will be dewatered and likely killed by 
annual operations at Minidoka Dam. 

Milner Pool 

There is no information on the status of Utah valvata in Milner Pool.  However, given 
conditions in the reservoir, it is likely that elevated temperatures and water quality conditions 
are not conducive to supporting a viable population of Utah valvata.  As such, no effects to 
the species are expected in this location. 

Milner Reach to Thousand Springs 

Generally, reduced flows and impaired water quality will continue to limit the distribution of 
Utah valvata in Snake River below Milner Dam.  In terms of water quantity, Reclamation’s 
action over the next 30 years will result in continued degradation of habitat and will limit the 
distribution and abundance of the species.  This is specifically related to the diversion of all 
flows at Milner Dam during the irrigation season and reduced flows at other times of year 
when storage reservoirs are being filled.  Reclamation water is expected to account for 
between 11 and 56 percent of the water diverted at Milner Dam over the life of the action.  
Impaired water quality in the middle Snake River will be an indirect effect of Reclamation’s 



Chapter 6 – Utah Valvata Effects of the Proposed Action 

130 U.S. Fish and Wildlife Service March 2005 

action of providing water for irrigated agriculture and will also likely contribute to multiple 
factors that preclude the species from the mainstem Snake River. 

Utah valvata is confirmed to be present in at least two locations in the middle Snake River:  
Thousand Springs and Box Canyon.  Reclamation’s proposed action has some risk of indirect 
effects on water quality, to a very limited extent, in those locations.  The water quality in 
tributary springs is declining due to depletion or pollution of groundwater.  Reclamation’s 
action and actions interrelated and interdependent to it have some increment of contribution 
to these declines, along with many other unrelated actions.  It is not possible to accurately 
predict the level of Reclamation’s indirect effects on the snails in these areas, but the Service 
concludes its relative significance is low. 

B. Effects of Interrelated or Interdependent Actions 

Interrelated actions are those that are a part of a larger action and depend on the larger action 
for their justification.  Interdependent actions are those that have no independent utility apart 
from the action under consideration.  Interrelated and interdependent activities related to the 
proposed action include diversion of storage water by private individuals and agricultural 
return flows from lands at least partially serviced by storage water, Reclamation-owned 
canals, or other delivery sources. 

Actions interrelated and interdependent to Reclamations proposed action include use of, and 
return of, irrigation water stored or delivered by the action agency.  As noted in the previous 
section, the Service cannot credibly or accurately separate those actions from those that are 
independent of Reclamation’s project operation.  As such, the preceding section regarding 
direct and indirect effects of the action also addresses impacts from interrelated and 
interdependent actions. 

C. Cumulative Effects 

Cumulative effects include the effects of future State, tribal, local, or private actions that are 
reasonably certain to occur in the action area.  Future Federal actions that are unrelated to the 
proposed action are not considered in this section because they require separate consultation 
pursuant to section 7 of the Act. 

Local government and private irrigation diversions from Milner Pool are anticipated to range 
from less than 44 to approximately 89 percent of the total water removed from the river 
channel at that point.  These withdrawals have a significant effect on water quantity and 
quality downstream from Milner Dam both from removal of water from the river and from 
the return of water to the river that has been degraded (e.g., irrigation returns).  It is 
anticipated that these cumulative impacts to water quality and quantity downstream from 
Milner Dam will persist into the future and that water quality could become more degraded 
as this region undergoes continuing development. 
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Throughout the Utah valvata’s range, State, local, and private activities will continue to 
negatively affect snail habitats.  These activities include destruction or modification of spring 
habitats that provide sources of relatively good water quality at various locations along the 
Snake River, reduced water quality in the Snake River due to agriculture and urban uses 
(e.g., runoff of pesticides, fertilizers, municipal water treatment systems, toxicant spills, and 
other sources of pollutants), withdrawal of water for irrigation under natural flow rights, and 
residential and commercial development projects. 

Aquifer springs provide recharge to the Snake River at numerous locations along its length 
and within the range and recovery area of the Utah valvata in the action area.  These springs 
provide large volumes of cold water of relatively high quality throughout the year.  
Nonetheless, water quantity and quality from these springs show signs of decline.  Much of 
this is likely due to agricultural practices, particularly water withdrawals due to groundwater 
pumping for irrigation, and leeching of agricultural chemicals and animal wastes into the 
aquifer (see Chapter 3 of this Opinion).  Aquifer recharge programs and other steps are 
currently being taken to slow or stop aquifer depletion.  However, depletion and 
eutrophication are expected to continue as the human population and water demands continue 
to grow in southern Idaho.  These factors will likely result in the continued degradation of 
habitats in the Snake River, which will continue to limit available habitat for the Utah 
valvata. 

IV. Conclusion 
After reviewing the current status of the Utah valvata, the environmental baseline for the 
action area, the effects of the proposed action, and the cumulative effects, it is the Service’s 
Opinion that the action, as proposed, is not likely to jeopardize the continued existence of the 
Utah valvata.  No critical habitat will be affected because none has been designated for this 
species. 

The Service anticipates adverse effects on Utah valvata associated with river and reservoir 
level fluctuations and water quality changes resulting from the proposed action.  In the upper 
reaches of the action area, including lower Henrys Fork and the Snake River from the Henrys 
Fork confluence to American Falls Reservoir, there are scattered, presumably small, colonies 
of Utah valvata that may be affected by river stage fluctuations.  Little information exists to 
precisely evaluate the magnitude of those effects, but stranding or habitat exposure is 
expected to be relatively minor.  We expect the species to persist in this reach throughout the 
30-year period of the proposed action.  Operations at Lake Walcott will continue to maintain 
a stable and well-distributed population.  Stage fluctuations there do not vary from year to 
year, and Utah valvata in that reservoir are almost entirely confined to areas that remain 
wetted under all operations, so losses from exposure are very small and are confined to 2 of 
the next 30 years when operations will draft the reservoir further.  Downstream from Lake 
Walcott and Minidoka Dam, there are few colonies of Utah valvata and most potential or 
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historical habitat is unsuitable due to depleted and otherwise altered flows, and because of 
seriously degraded water quality. 

The largest effects of Reclamation operations on Utah valvata are associated with operations 
at American Falls Reservoir.  Significant reservoir stage changes could expose as much of 
95 percent of the snails in the reservoir during up to 2 of the next 30 years of the proposed 
action.  During other years, large amounts of occupied habitat may be dewatered, exposing a 
large proportion of the population to lethal effects.  Downstream, in the Neeley reach, 
American Falls Dam operations result in river stage fluctuations that could expose half of all 
habitat and snails present.  Large numbers of individuals and colonies are expected to be lost 
as a result of operations at American Falls Dam.  However, over the term of the action, the 
Service expects the species will persist because of its demonstrated ability to re-colonize 
after significant losses.  This conclusion is based on a number of rationales. 

The specific information available on the Utah valvata is insufficient to develop reasonable 
estimates on demographic fluctuations or to precisely identify and quantify impacts to the 
species due to natural or anthropogenic impacts.  In light of this, it is reasonable to rely on 
published information about population ecology and extinction processes for species with 
similar life histories and to better assess the significance of effects on Utah valvata in the 
project area.  Most invertebrates have short generation times, small body size, and rapid rates 
of population increase and decline.  For these reasons, populations frequently undergo large 
fluctuations in size and may vary greatly between years due to environmental parameters and 
other factors that affect habitat (Ricklefs 1979; Murphy et al. 1990).  Short generation times 
and relatively high reproductive rates contribute to greater population growth rates.  For such 
species, it is less useful to use the absolute population size as a measure of species or 
population health over the long term, and greater emphasis should be placed on the number 
of viable populations.  In the case of Utah valvata, although their numbers vary greatly 
within each season, the observed variation is intrinsic in the life history, and sharp seasonal 
declines do not indicate a long-term population decline.  Though large numbers of snails are 
periodically killed in American Falls Reservoir (S. Lysne and C. Myler, in litt., 2003) and the 
Neeley reach downstream, the Service concludes that population will likely recover over 
time as habitats are rewatered and sustained for a sufficient period to allow re-colonization 
and expansion. 

The distribution of Utah valvata is not expected to change as a result of the action.  Based on 
the best available information, the Service has determined that the species will persist 
throughout its known range.  During the 30-year period of the action, numbers of Utah 
valvata and associated reproductive success will fluctuate in part of the species range as a 
result of the proposed action.  This is anticipated to be most significant in American Falls 
Reservoir and the Neeley reach of the Snake River and will be associated with variable water 
year types and operation of the American Falls Dam.  Three factors lead the Service to 
conclude that these species will survive these impacts.  First, it has persisted through 
historical extremes in conditions and operation of Reclamation’s projects.  Second, ecologists 
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have established that species with similar life histories have evolved to withstand dramatic 
population fluctuations.  We infer the same conclusions apply to Utah valvata.  Third, we 
expect relatively stable numbers and reproduction in other parts of the action area and the 
species range.  Therefore, the Service concludes the proposed action is not expected to 
reduce the likelihood of survival and recovery of the species. 

V. Incidental Take Statement 
Section 9 of the Act and Federal regulation pursuant to section 4(d) of the Act prohibit the 
take of endangered and threatened species, respectively, without special exemption.  Take is 
defined as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to 
attempt to engage in any such conduct.  The Service further defines harm to include 
significant habitat modification or degradation that results in death or injury to listed species 
by significantly impairing essential behavioral patterns, including breeding, feeding, or 
sheltering.  The Service defines harass as intentional or negligent actions that create the 
likelihood of injury to listed species to such an extent as to significantly disrupt normal 
behavior patterns which include, but are not limited to, breeding, feeding, or sheltering.  
Incidental take is defined as take that is incidental to, and not the purpose of, the carrying out 
of an otherwise lawful activity.  Under the terms of section 7(b)(4) and section 7(o)(2), 
taking that is incidental to and not intended as part of the agency action is not considered to 
be prohibited taking under the Act provided that such taking is in compliance with the terms 
and conditions of this incidental take statement. 

The measures described below are non-discretionary and must be undertaken by Reclamation 
so that they become binding conditions of any grant or permit issued, as appropriate, for the 
exemption in section 7(o)(2) to apply.  Reclamation has a continuing duty to regulate the 
activity covered by the incidental take statement.  If Reclamation fails to assume and 
implement the terms and conditions, protective coverage of section 7(o)(2) may lapse.  In 
order to monitor the impact of incidental take, Reclamation must report the progress of the 
action and its impact on the species to the Service as specified in the incidental take 
statement (50 CFR §402.14(i)(3)). 

A. Amount or Extent of Take Anticipated 

The Service anticipates incidental take in the form of death associated with exposure and 
desiccation to result from the proposed action.  Harm will occur in the form of dewatering 
habitat and making it unsuitable for Utah valvata over the short term.  Density estimates for 
the species vary widely, and it is difficult to anticipate the number of snails that may be 
taken.  We can estimate, however, the amount of habitat to be affected, based on amount of 
benthic habitat that may be exposed at various reservoir and river stage elevations.  Refer to 
Appendix A for information the Service used in deriving the amounts of habitat dewatered, 
and see the “Status of the Species in the Action Area” discussion in Section II of this chapter 
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for a description of assumptions and limitations inherent in our estimates.  Take is quantified 
by a percent of snails affected based on the amount of habitat exposed.  The Service expects 
that all snails present in habitat exposed by dewatering will be subject to lethal take. 

1. Upper Snake River Reach 

No incidental take is specifically anticipated for Utah valvata in this reach.  We lack 
information on the population size and distribution of Utah valvata in this reach, as well as 
on the channel morphology and flow relationship, and we therefore cannot reliably determine 
whether, or what, take is reasonably certain to result from the action. 

2. American Falls Reservoir 

Incidental take in the form of death or injury due to stranding and desiccation is anticipated 
for up to 85 percent of the Utah valvata population resident to American Falls Reservoir in 2 
of the next 30 years when the reservoir will be drafted to its lowest level (0 percent capacity, 
about 475 acre-feet of wetted habitat).  It is not anticipated that these years will be sequential 
(i.e., dead pool conditions will not occur in 2 consecutive years).  We anticipate incidental 
take for an estimated 40 to 85 percent of the reservoir’s population for an additional 2 years 
when reservoir elevations range between 4,295.6 and 4,303.4 feet (these years will also not 
occur consecutively).  In the remaining 26 years of the proposed action, the Service 
anticipates death or harm to between 5 and 40 percent of the Utah valvata population in 
American Falls Reservoir annually.  The amount of take that occurs in a given year will 
depend on the water year type and carryover levels from the previous year.  Reclamation’s 
2004 data provided for an estimated Utah valvata density of 49.6 per square meter in 
American Falls Reservoir for 2002.  This is based on an extremely limited data set, and 
density estimates for 1 year are not meaningful for a species like Utah valvata with widely 
varying population numbers over time.  Therefore, the Service cannot meaningfully or with 
any confidence extrapolate the estimates of the proportion of snails exposed to numbers of 
snails taken. 

3. Neeley Reach 

Incidental take in the form of death or harm due to stranding and desiccation is anticipated 
for up to 54 percent of the Utah valvata population resident to the Neeley reach when 
minimum winter flows reach 350 cfs, which is reasonably certain to occur in 9 of the next 
30 years (30 percent of the time).  All Utah valvata occurring above river stage of 
0.66 meters as measured at the Neeley gauge (Reclamation Hydromet data), corresponding to 
the proposed minimum flow of 350 cfs, will likely be subject to lethal take.  Flows above 
350 cfs are expected in 70 percent of years (21 of the next 30 years) under the proposed 
action, and the amount of mortality or harm that occurs in those years will depend on precise 
flow conditions.  We do not have sufficient information to correlate the range of flows above 
350 cfs that may occur with the amount of habitat that will be dewatered, nor the frequency 
with which we should expect these flows.  However, in any given year, mortality will not be 
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greater than 54 percent of the population, and the average annual mortality over any 
consecutive 5-year period will be less than 54 percent.  Reclamation (2004) reported a wide 
range of snail densities for this reach, from 11 to 134 per 0.25 square meter (44 to 536 per 
square meter).  This is based on a very limited data set, not being representative of the entire 
river reach; therefore, the Service cannot meaningfully or with any confidence extrapolate 
the estimates of the proportion of habitat exposed to numbers of snails taken. 

4. Lake Walcott 

The Service anticipates that incidental take in the form of death will occur to 0.5 percent of 
the Utah valvata population in Lake Walcott due to the annual drafting of 1.5 vertical meters 
of the reservoir; this will occur in 95 percent of year (28 of the next 30 years).  In the 
5 percent of years (2 of the next 30 years) that Reclamation will draft the reservoir elevation 
an additional 0.6 meters, approximately 10.5 percent of the Utah valvata population resident 
to Lake Walcott will be killed or harmed due to exposure and desiccation.  As noted in the 
preceding sections, the Service cannot meaningfully or with any confidence extrapolate the 
estimates of the proportion of snails exposed to numbers of snails taken with information 
available.   Reclamation (2004) reported snail densities in the 0- to 2-meter depth stratum at 0 
to 7 per 0.25 square meter, and 107 per 0.25 square meter at depths from 2 to 8 meters.  This 
is based on a very limited data set, and density estimates for 1 year are not meaningful for a 
species like Utah valvata with widely varying population numbers over time. 

5. Minidoka Reach 

The Service anticipates that incidental take in the form of mortality or harm due to stranding 
and desiccation will occur to any Utah valvata that are present below Minidoka Dam in 
substrates above the area submerged by the minimum flow of 400 cfs (0.85 meters above 
river stage).  Additionally, all Utah valvata that are present below the spillway will be killed 
when spillway flows are shut off in the fall and the area is dewatered.  This will occur every 
year under the proposed action.  There is not sufficient information available to determine the 
number of snails that are likely to be dewatered in either location in a given year, and the 
numbers are likely to be highly variable.  However, we expect that the species will continue 
to occur in low, possibly undetectable, densities.  Data available at this time do not establish 
presence or estimated densities of Utah valvata in this reach.  Therefore the number of snails 
lethally taken is expected to be very low, especially relative to American Falls Reservoir and 
the Neeley reach. 

6. Milner Pool 

The Service does not anticipate incidental take of Utah valvata at Milner Pool because the 
species is not expected to be present there. 
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7. Milner to Thousand Springs Reach 

The Service does not anticipate incidental take of Utah valvata in the mainstem Snake River 
below the Milner Dam because the species is not expected to be present there.  Reclamation’s 
actions are not expected to result in take of the species in the two spring tributary locations in 
the middle Snake River (Thousand Springs and Box Canyon). 

B. Effect of the Take 

In the preceding Opinion, the Service has determined that the level of take anticipated as a 
result of the proposed action is not likely to jeopardize the Utah valvata.  Although the 
proposed action will adversely affect snails within the action area in a given year, it will not 
appreciably reduce the likelihood of both the survival and recovery of the species. 

The amount of incidental take that is anticipated for the Utah valvata is significant for the 
species, especially in the 2 years of extreme conditions that Reclamation expects in the 
30 year period of the proposed action.  However, we do not anticipate that any known 
populations will be extirpated; we expect that existing viable populations will persist 
throughout the action area.  The biology of the species, its ability to re-colonize areas that are 
wetted over time, and the small proportion of extreme drafting events that are expected under 
the proposed action will ensure that viable though variable populations at American Falls 
Reservoir and in the Neeley reach of the Snake River will persist.  Any incidental take in the 
Henrys Fork and upper Snake River is unlikely to appreciably change overall numbers; 
likewise, numbers and reproduction in Lake Walcott will not be significantly affected by the 
take we anticipate in this Opinion.  Downstream, only minor take is anticipated in the 
Minidoka reach.  From the Milner Pool to the downstream extent of the species range, the 
mainstem Snake River is not known to support a reproducing population of Utah valvata.  
Over the range of the species, and over the 30-year period of the action, the take resulting 
from the proposed action will not preclude survival of the species. 

C. Reasonable and Prudent Measures 

Regulations for section 7 consultation (50 CFR §402.14(i)) require that the Service’s 
incidental take statement “specifies those reasonable and prudent measures that the Director 
considers necessary or appropriate to minimize” take of listed species that is anticipated in 
the Opinion.  The regulations further require that terms and conditions be set forth that “must 
be complied with to implement the measures.”  The regulations go on to state that the 
reasonable and prudent measures and terms and conditions “cannot alter the basic design, 
scope, duration, or timing of the action and may involve only minor changes.”  Due to the 
nature of Reclamation’s proposed action, we anticipate some incidental take that cannot be 
minimized through any reasonable and prudent measures because minimization could not 
occur without substantial changes in Reclamation’s operations. 
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The Service concludes that the following reasonable and prudent measure is necessary and 
appropriate to minimize take of Utah valvata resulting from implementation of 
Reclamation’s proposed action: 

1. Minimize the amount and the effect of take of Utah valvata from stranding, exposure, 
and desiccation within American Falls Reservoir and downstream reaches associated 
with operation of American Falls Dam and Reservoir. 

The reasonable and prudent measure, with its implementing terms and conditions, is designed 
to minimize the impact of incidental take that might otherwise result from the proposed 
action.  If, during the course of the action, the level of anticipated incidental take is exceeded, 
such incidental take represents new information requiring reinitiation of consultation and 
review of the reasonable and prudent measure provided.  Reclamation must immediately 
provide an explanation of the causes of the taking and review with the Service the need for 
possible modification of the reasonable and prudent measure.  Also, if during the course of 
this action, the projects do not operate in a fashion consistent with the proposed action, 
Reclamation must reinitiate consultation with the Service to assess any unforeseen effects to 
the species covered in this Opinion. 

D. Terms and Conditions 

In order to be exempt from the prohibitions of section 9 of the Act, Reclamation must 
comply with the following terms and conditions, which implement the reasonable and 
prudent measure described above and outline required reporting/monitoring requirements.  
These terms and conditions are non-discretionary.  Implementation of all terms and 
conditions below, including those that result in a future action that is not presently defined, 
shall be consistent with regulations for section 7 consultation (50 CFR §402.14). 

1. Within the range of operations defined in the proposed action, minimize the 
frequency, extent, and duration of drawdown of American Falls Reservoir to levels 
below 50,000 acre-feet for the period of the proposed action. 

2. When Reclamation drafts American Falls Reservoir to less than 50,000 acre-feet, 
Reclamation shall report to the Service when the operations occurred, the duration, 
and the conditions leading to such operation. 

E. Reporting Requirements 

When incidental take is anticipated, the terms and conditions must include provisions for 
monitoring to report the progress of the action and its impact on the species 
(50 CFR §402.14(i)(3)).  We have anticipated take based on occurrences (number of years) 
of some particular flow, reservoir condition, and percentage of known populations.  
Reclamation shall implement a monitoring program to ensure that the levels of anticipated 
take defined within this incidental take statement are not exceeded. 
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Reclamation shall develop a draft incidental take monitoring/reporting plan and provide it to 
the Service by December 31, 2005, for review, comment, and approval.  The objective of this 
plan, at a minimum, is to define how Reclamation proposes to monitor Utah valvata take to 
ensure that Reclamation does not exceed the take exemption, or, if they do exceed the take 
exemption, to reinitiate consultation.  Implementation of this plan shall begin as soon as the 
plan is approved and needs to focus on quantifying as much of the incidental take as is 
feasible. 

Annual reports will be sent to the Snake River Fish and Wildlife Office and to the Service’s 
law enforcement office in Boise, Idaho.  If Reclamation determines that authorized incidental 
take is exceeded, Reclamation must notify this office and the Service’s law enforcement 
office in Boise, Idaho.  Reclamation will be responsible for ensuring that its licensees, 
contractors, or designees do not exceed authorized incidental take levels. 

Upon locating a dead or injured specimen of an endangered or threatened species, initial 
notification must be made to the nearest Service Law Enforcement Office.  For this 
consultation, contact the Boise, Idaho, Law Enforcement Office at (208) 378-5333.  Care 
should be taken in handling sick or injured specimens to ensure effective treatment and care 
and in handling dead specimens to preserve biological material in the best possible state for 
later analysis of cause of death.  In conjunction with the care of sick or injured endangered 
species or preservation of biological materials from a dead animal, the finder has the 
responsibility to ensure that evidence intrinsic to the specimen is not unnecessarily disturbed. 

The Service is to be notified within 3 working days of the finding of any endangered or 
threatened species found dead or injured in the project area.  Notification must include the 
date, time, and precise location of the injured animal or carcass, and any other pertinent 
information.  The Service contact for this notification is Michael Morse of the Snake River 
Fish and Wildlife Office at (208) 378-5261. 

VI. Conservation Recommendations 
Section 7(a)(1) of the Act, as amended, directs Federal agencies to use their authorities to 
further the purposes of the Act by carrying out conservation programs for the benefit of 
endangered and threatened species.  Conservation Recommendations are discretionary 
agency activities that minimize or avoid adverse effects of a proposed action on listed species 
or critical habitat, help implement recovery programs, or develop information. 

1. Coordinate survey strategies for the Utah valvata with other efforts to evaluate status, 
distribution, and conservation needs of the species.  Cooperate with the Service, other 
State and Federal agencies, Tribes, and others to ensure compatibility of survey 
methods and information standards to ensure that data collected in multiple efforts are 
compatible and comparable.  Share results of field work and consider information 
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collected by others in developing and implementing management actions to conserve 
and protect the species. 

2. Work with the Service, other State and Federal agencies, Tribes, and other interested 
parties to assess the status of the Utah valvata throughout its range.  Participate 
actively with the Service’s 5-year status review for the species, particularly with 
respect to developing new information on the distribution, habitat, life history 
requirements, and conservation needs of the species. 

3. Cooperate with the Service, other State and Federal agencies, Tribes, and other 
interested parties in efforts to recover the Utah valvata.  Implement or contribute to 
actions that address and reduce threats to the species, including working to improve 
water quality and quantity and securing and improving habitats critical to the survival 
and recovery the Utah valvata. 

In order for the Service to be kept informed of actions minimizing or avoiding adverse 
effects of benefiting listed species or their habitats, the Service requests notification of the 
implementation of any conservation recommendations. 
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Chapter 7 

SNAKE RIVER PHYSA SNAIL 

I. Status of the Species 

A. Regulatory Status 

The Service (1992) listed the Snake River physa snail as endangered on December 14, 1992.  
No critical habitat has been designated for this species.  The Service (1995) also published a 
recovery plan for this species and four other Snake River snails. 

B. Description of the Species 

The shells of adult Snake River physa snails are 5 to 6.4 millimeters long with 3 to 
3.5 whorls and are amber to brown in color (Service 1995).  This species occurs on the 
underside of large cobble- to boulder-sized substrate in swift currents in the mainstem Snake 
River.  Live specimens have been found on boulders in the deepest parts of the river at the 
margins of rapids. 

C. Status and Distribution 

The Service (1995) reported that the Snake River physa’s known modern range extended 
from Grandview (RM 487) to the Hagerman reach (RM 573).  Recently identified specimens 
confirm its distribution to as far upstream as Minidoka Dam.  It is believed to be confined to 
the Snake River mainstem, never having been reported from tributary streams.  Taylor 
(1982c, 1988) stated that the Grandview sub-population was extirpated in the early 1980s 
“...as the native bottom fauna has been virtually eliminated in this sediment-laden section of 
the Snake River.”  Live Snake River physa snails have always been rare at collection sites, 
and fewer than 50 live snails have been collected in the Snake River (Frest et al. 1991).  The 
recovery area for this species is the Snake River between RM 553 and 675 (Service 1995). 

Taylor and Bowler (Taylor 1988) collected the most recently confirmed live specimens of 
this snail.  Taylor’s collections occurred between 1959 and 1987 and were conducted in the 
area between the Malad River’s confluence with the Snake River (RM 571) and Grandview 
(RM 487), with the only live specimens being collected from the Hagerman reach, 
downstream from Lower Salmon Falls Dam (Taylor 1988; Frest et al. 1991).  Recent surveys 
(September 2003) for this species at several of these early collection sites, within habitat 
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considered suitable, failed to locate either living specimens or empty shells (Frest and 
Johannes 2004). 

Surveys commissioned by Reclamation in 1995, 1996, and 1997 (Ralston & Associates 1998) 
collected physid shells from the reach between Minidoka Dam and Milner Pool that have 
recently been confirmed as Snake River physa (T. Frest, pers. comm., 2005).  Pentec 
Environmental, Inc., (1991) also reported the presence of this species in this reach based on 
collections made in 1987.  From November 13, 1995, to October 23, 1997, 11 empty Snake 
River physa shells were among mollusks collected between RM 667.3 (near Jackson Bridge) 
and just below Minidoka Dam (RM 673.5).  Of these, eight were identified as recently dead, 
meaning the individuals would have died no more than 2 years prior to collection of the 
shells; the fragility of the shells and their quick decomposition are the basis for this 
determination.  Three shells of recently dead animals were from a single 1-square-meter plot, 
further suggesting that the colony of origin likely occurred nearby.  This recent identification 
of fresh shells collected from the Minidoka reach from 1995 to 1997 (T. Frest, pers. comm., 
2005) and the lack of specimens from other formerly inhabited reaches (Frest and 
Johannes 2004) suggest that this river reach may contain one of the few remaining colonies 
of the species. 

Recent communications from D. Taylor (pers. comm., 2004) suggest that the species might 
occur upstream in areas of good water quality, but there have been no confirmed collections 
of Snake River physa, live animals or shells, upstream from Minidoka Dam. 

Ongoing work continues to address the morphology and taxonomy of the Physidae (Dillon et 
al. 2002, 2004; Wethington 2003; Wethington and Guralnick 2004).  Due in part to the rarity 
and infrequent collection of Snake River physa, researchers have not been able to analyze the 
phylogenetic standing of this species.  Such an evaluation will require the acquisition of soft 
tissues from confirmed Snake River physa and appropriate analysis and review.  The Service 
considers recent unpublished communications questioning whether P. natricina is a distinct 
species (Rogers and Wethington, in review; Wethington, in litt., 2005) as incomplete and in 
need of methodological improvements and peer review.  The complex issue of the species’ 
rarity and its taxonomic status needs additional research and critical review and will undergo 
serious consideration in a Service 5-year status review.  Such a taxonomic reevaluation is 
outside of the scope of this Opinion.  At this time, the Snake River physa remains a valid 
species with Federal endangered status.  Future findings on this matter may require that this 
analysis be revisited. 

D. Life History 

Very little is known about the life history of the Snake River physa snail.  This species 
existed in the Pleistocene-Holocene lakes and rivers of northern Utah and southeastern Idaho 
and is thought to have persisted for at least 3.5 million years in the Snake River 
(Taylor 1988).  It has been collected only rarely, so little is known of its habits other than it 
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appears to prefer the underside of large cobble- to boulder-sized substrate in fast-flowing 
portions of the mainstem Snake River.  Live specimens have been found on boulders in the 
deepest parts of the river at the margins of rapids.  The published papers discussing this 
species state that live specimens are known only from river habitats, and it does not occur in 
slow-water or reservoir habitats (Taylor 1982c, 1988; Frest et al. 1991).  At least one shell 
was collected from C.J. Strike Reservoir in 1987 (Orma J. Smith Museum:  ALBRCIDA 
#50435), although it may have been carried from upstream sources (Taylor 1982c).  Based on 
the life histories of other physid species, the Snake River physa likely lives for up to or just 
over 1 year. 

Although data pertaining to the water quality requirements of the Snake River physa are not 
available, live collections of physa in areas highly influenced by spring accretion and rapids, 
as well as its evolutionary history in the Snake River, has led the Service (1995) and others 
(Taylor 1982c, pers. comm., 2004; Frest et al. 1991) to conclude that the species is restricted 
to moving waters of relatively good quality. 

E. Population Dynamics 

Nothing is known of the Snake River physa’s population size or natural population dynamics.  
Like other species in the Physidae Family, the Snake River physa is likely univoltine, a 
generation of snails persisting and reproducing in the course of a single year.  Since their 
listing as endangered in 1992, no living colonies have been found on which demographic 
studies could be conducted. 

F. Threats 

The factors that currently limit the distribution and viability of Snake River physa 
populations are anthropogenic in nature and present throughout the species’ range 
(Service 1992).  These include habitat destruction from dam construction and the formation 
of reservoirs, as well as ongoing and chronic impacts from reduced water quality.  Both of 
these factors have resulted in habitat fragmentation and the isolation of smaller populations/
colonies, which are more vulnerable to various threats as well as to natural fluctuations in 
population cycles.  Non-native species are also a major concern in native ecosystems and 
may negatively affect the Snake River physa. 

1. Habitat Modification 

Dams, both for hydroelectric development and water storage, and the resultant reservoirs, are 
the primary cause of habitat modification for the Snake River physa because they have 
fundamentally changed the character of the Snake River (Frest et al. 1991; Frest and 
Bowler 1992; Clark et al. 1998; EPA 2002).  Approximately 44 percent of the species’ 
historical range and 45 percent of the recovery area have been impounded and converted to 
unsuitable habitat.  Since the snail is restricted to the mainstem Snake River, habitat 
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destruction along tributaries has not had a direct impact on the species habitat.  In addition to 
the loss of habitat caused by the dams, hydropower operations (specifically load-following 
operations) are documented to have negative impacts to aquatic species occupying habitats 
downstream from such operations (Fisher and LaVoy 1972; Kroger 1973; Brusven et 
al. 1974; Brusven and MacPhee 1976; Gersich 1980; Gislason 1980; Morgan et al. 1991; 
Christman et al. 1996). 

Changes in the natural hydrology of the Snake River resulting from the use of storage water 
for agriculture or other uses have also affected the Snake River physa and its habitats (Frest 
and Bowler 1992; EPA 2002).  Federal and private water projects withhold, store, and release 
water to coincide with irrigation needs; this timing of flows is substantially different than the 
timing that occurs under a natural hydrograph.  The majority of water storage in the action 
area is for agricultural use, which is reflected by the diversion of all flows below Milner Dam 
(U.S. Geological Survey 2005a). 

In addition, natural events have modified habitat conditions for the species, which may not 
always have a negative impact.  After the floods of 1997, the substrate composition in the 
Minidoka reach changed from primarily finer sediments to a greater percentage of cobble and 
boulder substrates (Ralston & Associates 1998).  These changes may be partly or entirely 
responsible for the disappearance of known populations of sediment-dwelling species in the 
reach (e.g., Utah valvata).  These same processes have influenced the habitat quality, 
quantity, and potential distribution of aquatic species.  The physa inhabits hard, “less-
mobile” substrates in areas of relatively high flow and good water quality.  By flushing fine 
sediments downstream and increasing available hard substrates, the high-water year of 1997 
likely created more habitat for this species, potentially allowing for population growth. 

2. Water Quality and Quantity 

As described in Chapter 3 of this Opinion, numerous factors have severely and adversely 
affected the water quality of the Snake River within the action area.  This has likely led to 
additional limitations on the potential distribution of the Snake River physa.  For example, 
aquaculture facilities have contributed to the degradation of water quality in the Snake River 
and many springs by adding significant quantities of nutrients and other contaminants.  Many 
of the affected springs previously provided good quality water that may have attenuated the 
effects of degraded water quality, making more habitats in the mainstem Snake River suitable 
for Snake River physa.  These habitats are no longer available.  In addition, infrequent and 
unpredictable contaminant spills represent a historical and ongoing threat to the Snake River 
physa and other aquatic species in the Snake River (Service et al. 1994; California 
Department of Fish and Game 2000). 

Water temperature and dissolved oxygen have been noted as critical parameters for species, 
such as the Snake River physa, that are typically associated with cold-water habitats 
(Taylor 1982c, 1988; Frest et al. 1991).  This is likely an important factor controlling the 
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distribution of this species and may explain why its few documented occurrences were in 
reaches influenced by spring accretion, rapids, or other inputs of relatively good water 
quality.  It is not known what sub-lethal effects impaired water quality may have on the 
reproduction, survival, or other life history characteristics of this species.  Since the Snake 
River physa requires free-flowing water and rocky substrates, siltation associated with 
erosion, reduced flow velocity, water impoundment, aquaculture facilities, and other water 
uses may be particularly detrimental.  Based on our current understanding of the species’ 
needs, any factor that leads to chronic or acute deterioration of water quality is likely to result 
in the death, injury, lowered fecundity, and decline of Snake River physa populations.  
Factors that further degrade water quality include reduced water velocity, warming due to 
impoundments, and increases in the concentration of nutrients, sediment, and other pollutants 
reaching the river. 

Reclamation’s Assessment (2004) contains relatively little information on water quality in 
the action area as a whole but does provide some representative values for primary water 
quality parameters throughout the action area.  Tables 4-5 and 4-6 in Reclamation’s 
Assessment (2004) provide values pertinent to the Snake River physa over the majority of its 
designated recovery area.  The Assessment (2004) and Weigel (2003) state that water quality 
within Lake Walcott seldom drops below that required by the State of Idaho for cold-water 
biota.  Therefore, it is reasonable to assume that the water quality of releases from Minidoka 
Dam is relatively good.  However, the only water quality data we have are from Jackson 
Bridge approximately 4 miles downstream from the dam, which indicate a range of dissolved 
oxygen conditions (between 1.7 and 15.1 milligrams per liter) and temperatures (between 
14.2 and 24.3 °C, with an average summer temperature of 18.8 °C) that do not always meet 
cold-water biota standards for these parameters.  We do not have information to determine 
what factors contribute to a potential deterioration of water quality from Minidoka Dam to 
Jackson Bridge.  Based on these limited values, we cannot adequately characterize or fully 
assess how water quality factors have affected the snail in this reach. 

Milner Pool, about 7.5 miles downstream from Minidoka Dam, is managed as a warm-water 
reservoir, and water quality conditions there are assumed to create unsuitable habitat 
conditions for the Snake River physa (as measured at Milner Dam, summer temperatures 
range between 14.0 and 28.9 °C, with an average summer temperature of 20.8 °C; dissolved 
oxygen ranges from 5.4 to 14.6 milligrams per liter). 

Minidoka and Milner Dams represent water control and distribution structures that have 
controlled and continue to control flows in river reaches within the Snake River physa’s 
recovery area.  Flows in the river reach below Minidoka Dam vary seasonally and have 
periodically dropped to approximately 360 cfs during the non-irrigation season.  Estimates of 
unregulated flow in Reclamation’s Assessment (2004) indicate that around 90 percent of 
flows in the Snake River between May and September are diverted at or before Milner Dam.  
A proportion of these depletions are attributable to Reclamation’s proposed action.  
According to Watermaster District 01 reports for the period from 1995 to 2003, the 
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diversions at Milner Dam supplied an annual mean volume of 2,644,642 acre-feet of water 
for distribution.  Of that, diverted water originating from Reclamation storage facilities 
accounted for quantities ranging from 320,226  to 1,389,218 acre-feet (11 to 56 percent of the 
water diverted at Milner Dam), which does not include other withdrawals from Milner Pool.  
During the irrigation season, flows from Milner Dam downstream may be reduced to 
between less than 1 cfs up to 200 cfs (U.S. Geological Survey 2005a).  In this period, most 
water accretion for the first 49 miles below the dam is from irrigation return flows, resulting 
in very poor quality.  Spring contributions of good water quality to the Snake River probably 
begin to become significant at and below Briggs Creek (RM 590.3) (EPA 2002).  These 
conditions do not support quality habitat for Snake River physa and have likely prevented 
any successful re-colonization.  The Snake River physa is regarded as a large river species 
requiring good water quality (Taylor 1982c, 1988).  Factors that result in reduced flows or 
water quality are expected to negatively affect this species. 

Conversely, Reclamation’s release of salmon flow augmentation water past Milner Dam 
when it is available has increased flows during the summer in some years since 1991, 
primarily between June 20 and August 31.  Table 2 in Chapter 1 on page 7 shows how 
salmon augmentation flows have been provided since 1991.  Although increased flows 
during the summer months may have provided some potential benefits in terms of water 
quality and quantity, the flow releases are of short duration.  After the quantity of water for a 
given year is delivered, flows are usually decreased to less than 200 cfs for the remainder of 
the irrigation season.  Therefore, even with salmon flow augmentation, dewatering and poor 
water quality has likely precluded or severely limited potential for Snake River physa to 
occur in the reach from Milner Dam to the middle Snake River. 

3. Habitat Fragmentation 

Although it is not known with certainty what effect the fragmentation of populations, both at 
the macro- and micro-scales, has had on the demographics and genetics of the Snake River 
physa snail, the construction of physical and ecological (e.g., reservoirs) barriers in the Snake 
River have clearly contributed to the extremely limited range of Snake River physa by 
destroying and fragmenting habitat throughout the range of the species.  The isolation of 
small populations due to habitat destruction or fragmentation is one of the principle 
anthropogenic causes of species endangerment and extinction (Soulé 1983, 1987; Quinn and 
Hastings 1987; Shafer 1990; Holsinger 2000).  In river systems where aquatic species are 
restricted to a linear corridor of habitat, habitat fragmentation is even more restrictive since 
recruitment, re-colonization, and rescue effect are restricted to that single corridor of travel 
(Brown and Kodric-Brown 1977).  Multiple studies have documented the negative impacts of 
habitat fragmentation on aquatic species (Winston et al. 1991; Morita and Yamamoto 2002; 
Fagen et al. 2002); this is cited as one of the important factors leading to high extinction rates 
of aquatic fauna in the United States (Ricciardi and Rasmussen 1999). 
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The existence of dams in the action area has precluded or extremely limited the opportunity 
for genetic exchange among any extant Snake River physa populations and is likely one of 
the primary causes of previous local extirpations and the current rarity of the species 
(Taylor 1982c; Frest et al. 1991; Frest and Bowler 1992).  The isolation of formerly 
continuous populations can be expected to reduce genetic variation, which is documented to 
have negative impacts on reproductive output and overall vigor (Shaffer 1981; Dudash and 
Fenster 2000).  At least one study has documented delayed maturation and reduced fecundity 
in small isolated colonies of aquatic snails (Puurtinen et al. 2004).  Along with an increased 
risk of effects associated with demographic stochasticity in small populations, lowered 
reproductive fitness resulting from reduced genetic vigor will accelerate a population’s 
decline and increase the risk of extirpation (Gilpin and Soulé 1986; Dudash and 
Fenster 2000; Puurtinen et al. 2004).  It is likely that the extreme habitat fragmentation and 
associated habitat destruction that has taken place within the Snake River physa’s range has 
been one of the main factors leading to its critically imperiled status. 

An estimated 45 percent of the Snake River physa’s designated recovery area has been 
impounded by dams and is currently considered reservoir habitat and unsuitable.  The 
remaining 55 percent of river habitat within the recovery area is no longer continuous; there 
are six dam-reservoir systems present, which serve as habitat barriers to the species’ 
movement throughout its former range.  The river reach below Minidoka Dam is located 
93 miles and five dam-reservoir barriers upstream from the closest likely downstream 
population of Snake River physa (Lower Salmon Falls or Wiley reach).  All five of these 
dam-reservoir systems are privately owned and operated.  This has restricted Snake River 
physa in the Minidoka reach to approximately 7.5 miles. 

4. Introduced Species 

The New Zealand mudsnail (Potamopyrgus antipodarum) is a non-native snail that is present 
throughout a large portion of the action area; in some locations it may reach densities of up to 
500,000 per square meter.  Ongoing competitive interactions between the mudsnail and 
native North American aquatic species are significant.  The mudsnail has been shown to 
spread and reproduce rapidly and greatly deplete the standing crop of aquatic algae and 
periphyton (Cada 2001; Hall 2001; Hall et al. 2003).  The New Zealand mudsnail appears to 
tolerate watercourses with relatively low dissolved oxygen and mud or silt substrates, 
although they may also be abundant on hard substrates and under conditions of good water 
quality.  Some degree of competition may occur between the New Zealand mudsnail and the 
Snake River physa, although the physa’s preference for high velocity habitat may result in 
some segregation of the two species.  Nonetheless, considering the ecosystem-scale effects 
posed by the mudsnail in some habitats (Hall et al. 2003), it seems likely that this alien 
species influences the status and distribution of the Snake River physa or its habitat to some 
degree. 
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G. Conservation Needs 

The Service (1995) has published a final, approved recovery plan for the Snake River physa.  
For the Snake River physa to recover to self-sustaining levels, viable subpopulations/colonies 
must become established and be protected in lotic (riverine) habitats on the mainstem Snake 
River from RM 553 to 675 on rock/boulder substrates in deep water at the margins of rapids 
with good water quality (average water temperature below 18 °C with dissolved oxygen 
concentrations greater than 6 milligrams per liter and pH levels of 6.5 to 9.0).  River flows 
need to be managed, to the extent possible, to mimic a large river with natural flows and high 
water quality. 

H. Information Limitations 

As required by the Act, the Service uses the best available scientific and commercial data to 
develop our biological opinions for Federal actions that may affect listed species and critical 
habitat.  In many cases, these data are experimentally sound, peer-reviewed, and 
scientifically accepted.  In other cases, the data may be anecdotal, observational, or derived 
from scientific efforts with less-than-experimental rigor.  This Opinion is based on the best 
available scientific and reliable commercial data for the Snake River physa. 

The Snake River aquatic species recovery plan (Service 1995) lays out the nature and extent 
of information needed to better understand the status of these species and to better ascertain 
the specific factors and mechanisms that affect their reproduction, numbers, and distribution.  
The last live Snake River physa were confirmed in 1981 (Taylor 1982c, 1988; Frest et 
al. 1991), despite recent surveys (Frest and Johannes 2004) in areas previously documented 
to support individuals.  The recent identification of Snake River physa shells collected in the 
mid-1990s from the reach below Minidoka Dam provides the most compelling information 
that an extant colony is present or was recently surviving in that reach. 

All of the published and unpublished literature on the species provide either only qualitative 
information or no information at all on the species’ habitat requirements, colony sizes, and 
the full extent of its historical distribution.  Due to its rarity and relatively recent taxonomic 
identification (Taylor 1988), no quantitative, repeatable scientific studies have been 
conducted to assess habitat parameters necessary for its continued survival.  The habitat 
requirements currently identified as necessary for the Snake River physa are based on field 
observations of habitat type and quality where the species has been located or where 
recently-dead shells were collected.  Due to a lack of quantitative information, there is no 
predictive tool to aid the Service in quantifying the negative impacts of anthropogenic (e.g., 
impaired water quality, altered flows) or natural (e.g., drought, high flows) factors and how 
those may control the distribution, persistence, or decline of the species.  The paucity of 
quantitative information on this species and its habitat requirements makes it necessary for 
the Service to conduct a primarily qualitative analysis based on best available scientific 
information. 
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There is also very limited information on the distribution of Snake River physa.  It has been 
collected relatively rarely and from a limited number of locations in the Snake River from 
Minidoka Dam to Grandview.  As noted above, appropriate habitat for the species are areas 
with hard (rocky or boulder) substrates in relatively deep, fast-moving water.  As such, the 
physical endeavor involved in surveying for the species is difficult and dangerous.  That, 
along with the animal’s rarity, reduces the likelihood of discovering the species even if it is 
present.  Since it was listed in 1992, there has been relatively little effort to locate the species.  
The Service, in cooperation with Idaho Power, conducted focused surveys in 2003 but found 
no physa (Frest and Johannes 2004).  These were relatively limited efforts, and no other 
comprehensive, systematic work has been done to determine status and distribution of Snake 
River physa. 

Even though there have been few verified collections of the snail or its shells in the last 
20 years, there is insufficient evidence to conclude that the species is extinct.  The Snake 
River physa remains listed as endangered under the Act, and because of the lack of 
repeatable data to the contrary, the Service concludes that it persists and that it may occur in 
the action area, particularly in the reach of the Snake River between Minidoka Dam and the 
tailwaters of the Milner Pool.  This is consistent with Service policy that states the benefit of 
the doubt will be provided in favor of the species of concern when adequate information is 
lacking (Service et al. 1998). 

Clearly, more information is needed about the species’ life history, as well as its status in the 
action area, so that effects of the action and the significance of those effects can be well 
understood.  Short of having that information, the Service is working with the best available 
information for the section 7(a)(2) analysis of Reclamation’s proposed action. 

II. Environmental Baseline 
Regulations implementing the Act (50 CFR §402.02) define the environmental baseline as 
the past and present impacts of all Federal, State, or private actions and other human 
activities in the action area.  The environmental baseline also includes the anticipated impacts 
of all proposed Federal projects in the action area that have already undergone section 7 
consultations and the impacts of state and private actions that are contemporaneous with the 
consultations in progress. 

A. Status of the Species in the Action Area 

1. Minidoka Reach – Minidoka Dam (RM 673.5) to Milner Pool (RM 666) 

Recent identifications of fresh shells collected below Minidoka Dam from 1995 to 1997 
(T. Frest, pers. comm., 2005) suggest that an extant colony/population of the species was 
present in this river reach during, or just prior to, those surveys.  Given this information, the 
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Service has determined that the Minidoka reach may support an extant population of the 
Snake River physa.  Based on the shell collections, the population is likely small and is 
probably restricted to one or no more than a few localized colonies.  Most of the shells were 
from the collection sites near Jackson Bridge (RM 667.3), about 5 miles downstream from 
Minidoka Dam.  Utah valvata shells were also collected immediately below the dam and 
tailrace (RM 673.5).  No shells have been collected between the two sites. 

Multiple other surveys for the Utah valvata snail have occurred in this reach (see Figure 18), 
and no Snake River physa specimens were recovered during those sampling events.  It is not 
surprising that physa were not collected during surveys for Utah valvata, given the 
differences in their preferred habitat.  Valvata are found in slower moving waters on mud 
substrates, whereas physa are more likely to occur in faster moving waters on cobble to 
boulder substrates.  This 7.5-mile-long reach includes the upper-most 6.1 percent of the 
physa’s total recovery area. 

Currently, it is not known where within the Minidoka reach any live Snake River physa 
occur.  However, in a supplement to their Assessment, Reclamation (in litt., 2005b) stated 

Potential Snake River Physa Habitat
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Figure 18.  Potential Snake River physa habitat and snail sampling locations (citation dates 
represent year samples were taken).  Map points denote sample locations, most of which did not 
contain Snake River physa.  Potential habitat areas are estimates based on visual inspections of 
habitats or collection of recently dead shells. 
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that the recently collected shells could have washed downstream from a source population in 
appropriate habitat.  In its surveys of the Snake River below American Falls Dam and in 
Lake Walcott, Reclamation has not collected any Snake River physa shells, which leads to 
the Service’s conclusion that the shells found in the Minidoka reach are from a local source.  
This and the clustered nature of the shells found in the Minidoka reach indicate that a 
population is, or was recently, existing there.  The Service agrees with Reclamation’s 
Assessment that the soft sediment habitats from which the shells were collected are not 
appropriate for the Snake River physa and that these shells likely originated from more 
appropriate habitats. 

Reclamation (2005b) has stated that the deepwater and rocky habitat below the dam in the 
tailrace pool is the most likely location for a living colony of the Snake River physa, 
although this location has not been surveyed.  The Service agrees that the tailrace pool is a 
likely location for appropriate Snake River physa habitat.  However, based on our 
observations during a recent site visit, the Service concludes that other sites within this reach 
potentially have habitat characteristics that would also support this species.  Based on water 
quality data collected at Jackson Bridge (see the discussion in Section F.2. of this chapter), 
we assert that the most suitable habitat for Snake River physa occurs between Minidoka Dam 
and immediately below Jackson Bridge, with a diminishing likelihood of occurrence 
downstream from that point to Milner Pool. 

2. Milner Pool (RM 666 to 639.1) 

Snake River physa is not expected to occur in this reach.  Milner Pool comprises an 
estimated 24.6 percent (27 miles) of the Snake River physa’s designated recovery area.  
Milner Pool is managed as a warm-water fishery, and summer water quality can become 
quite poor.  Extensive mats of filamentous algae fill the reservoir, and water quality records 
above the dam show maximum summer temperatures reaching 28.9 °C.  We are not aware of 
any snail surveys that have been conducted in the reservoir.  However, based on the known 
habitat needs of the species, we assume that the low velocity and degraded quality water in 
Milner Pool would not support this species. 

3. Milner Reach – Milner Dam (RM 639.1) to Lower Salmon Falls Reservoir 
(RM 579.6) 

Although the Milner reach is within the known historical range of the species and accounts 
for 43 percent of the total length of its designated recovery area, the Service concludes that 
the Snake River physa is unlikely to occur there.  No intensive surveys targeting Snake River 
physa have been conducted in this reach, although other mollusk surveys have failed to 
detect it (Frest 1991; Idaho Power 2003a, 2003b).  One verified report of an old shell in this 
reach (in sediment depositions at RM 608.6) suggests that the species likely lived in that area 
as recently as 1984 (Frest and Johannes 1993b).  These researchers noted that the lack of 
hard substrates and good water quality may have limited populations in this reach.  Given 
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current degraded water quality conditions in this reach, and the lack of ample flowing water 
during the irrigation season in most years, the presence of the Snake River physa is unlikely. 

4. Middle Snake River Reach – Lower Salmon Falls Reservoir (RM 579.6) to 
Downstream Limit of the Recovery Area (RM 553) 

All live Snake River physa specimens recorded in the literature were collected from flowing 
waters just downstream from Lower Salmon Falls Dam (RM 573).  There have been no 
confirmed collections of live snails since 1981, and recent, intensive surveys conducted in 
September 2003 failed to locate the species or signs of recent occupation (shells) at a number 
of the type localities below Lower Salmon Falls Dam (Frest and Johannes 2004).  Additional 
sampling effort is necessary for the Service to make any conclusions regarding the likely 
status of the species in this reach.  For purposes of this Opinion, the Service assumes the 
species may be present in this reach in low densities and has potential to be affected by the 
proposed action. 

Minimum flows instituted by Idaho Power downstream from their Lower Salmon Falls 
Project in this reach were prescribed to protect previously documented colonies of Snake 
River physa and potential habitat from dewatering (see Service 2004 for details).  We do not 
know the status of the species beyond that location or the potential influence of water quality 
conditions in the middle Snake River reach. 

B. Factors Affecting Species Environment within the Action Area 

The species’ known range falls entirely within the action area for this Opinion.  Therefore, 
the factors affecting the species in the action area are the same as the threats described in 
Section I.F. of this chapter. 

C. Recent Section 7 Consultations 

The only recent section 7 consultation of significance to Snake River physa was for the 
Federal Energy Regulatory Commission’s relicensing of Idaho Power’s hydroelectric 
facilities in the middle Snake River (Service 2004).  Physa had been collected from a pool 
below the Lower Salmon Falls Project in the 1980s, and the Federal Energy Regulatory 
Commission determined that relicensing the project may affect the species.  The depth at 
which Snake River physa had been collected at this location was known.  In a settlement 
agreement between the Service and Idaho Power, Idaho Power agreed to operate to ensure 
minimum flows below the project to protect the species, thereby precluding adverse effects 
associated with dewatering to Snake River physa.  In a May 14, 2004, Biological Opinion for 
the relicensing of the project, the Service concurred that Idaho Power’s proposed action 
would not adversely affect the species.  The Service considered the effects of water quality to 
the Snake River physa in that Opinion but determined that water quality effects associated 
with Idaho Power’s projects were insignificant relative to other upstream factors, including 
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water quality degradation due to warm-water releases from Milner Dam, municipal and 
industrial waste water, agricultural return flows, and fish farm effluent. 

III. Effects of the Proposed Action 
Regulations define effects of the action as “the direct and indirect effects of an action on the 
species or critical habitat, together with the effects of other activities that are interrelated or 
interdependent with the actions, that will be added to the environmental baseline” 
(50 CFR §402.02). 

A. Direct and Indirect Effects 

Direct effects are defined as the direct or immediate effects of the action on the species or its 
habitat.  Indirect effects are defined as those effects that are caused by or result from the 
proposed action, are later in time, and are reasonably certain to occur. 

1. Minidoka Reach 

The proposed action may adversely affect Snake River physa in the Minidoka reach.  Based 
on the collection of numerous recently dead (T. Frest, pers. comm., 2005) shells in 1996 and 
1997, the 7.5-mile-long Minidoka reach is likely to have supported a population or colony of 
this species.  This indicates that hydrologic conditions necessary to support live individuals 
occurred in this reach at least as recently as 1995 and likely more recently.  Review of 
hydrologic data during and preceding the collections show that the reach was exposed to 
flows as low as 362 cfs (March 1995) and that flows below 500 cfs had historically occurred 
for as many as 29 consecutive days (1994-1995 data, all provided as mean daily averages) 
(U.S. Geological Survey 2005b).  Because conditions are similar now, the Service assumes 
the species may be extant in this reach. 

It is unclear where Snake River physa may occur in the Minidoka reach.  The tailrace 
immediately below Minidoka Dam is deep, and substrates appear to be rocky, which are 
characteristics consistent with typical habitat for this species.  During part or all of the year, 
water in the tailrace is likely well-oxygenated due to agitation associated with the power 
turbines (R. Newman, pers. comm., 2005), although we do not have empirical data on water 
quality immediately below the dam.  It is not clear whether water in the tailrace stratifies, and 
without specific water quality data, it is not possible to determine whether the entire tailrace 
pool provides suitable habitat for physa.  The Service has not concluded, however, that this is 
the only location between the dam and the Milner Pool that could support the species.  
Because shells identified to be physa were collected immediately below the tailrace and then 
not again for 4 miles downstream, it is reasonable to expect that colonies of live physa may 
be located in the river reach between the two collection locations.  More survey work is 
needed to determine where colonies may be located.  Water quality data measured at Jackson 
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Bridge indicate that conditions downstream from Jackson Bridge may be suboptimal for 
Snake River physa at times during the year.  Given the uncertain source of the shells 
collected in this reach, the Service assumes that there is potential for Snake River physa to 
occur in several locations between Minidoka Dam and Jackson Bridge, with a decreasing 
probability of occurrence downstream from Jackson Bridge due to suboptimal water quality 
conditions for periods during some years.  Figure 18 on page 154 shows the most likely areas 
within this reach with appropriate habitat parameters for Snake River physa. 

Under the proposed action, winter outflows (October to April) from Minidoka Dam will be 
greater than 400 cfs in 85 percent of years.  In no more than 5 of the next 30 years, winter 
flows are likely to drop to 400 cfs during the period from November to March (Reclamation, 
in litt., 2005a).  These five occurrences are not expected to occur in consecutive years, and no 
more than two of these low flow occurrences are anticipated to occur in any 5-year period.  
In 70 percent of years, winter flows will be greater than 800 cfs.  Under the proposed action, 
minimum flows during the irrigation season will be:  2,700 cfs in May; 6,000 cfs in June; 
7,000 cfs in July; 1,400 cfs in August; and 1,300 cfs in September (Reclamation, in litt., 
2005a).  These flows are similar to what has been observed during historical operations.  The 
occurrence of live Snake River physa in this reach during the mid-1990s indicates that it can 
survive these flows, though their presence alone does not indicate that the operations provide 
optimal conditions for the species.  Because the origination point for the collected physa 
shells is not known, the Service has no way to determine relative effects on the species of 
operating at various flow levels.  Water levels in the tailrace are relatively constant under 
various operational scenarios, so the action is less likely to affect physa that may occur there.  
Any colonies in the river reach below the tailrace to immediately below Jackson Bridge 
would be more vulnerable to adverse impacts from lower flows. 

There is no information available about the relationship between flow levels and any sub-
lethal effects on Snake River physa behavior, reproductive success, and recruitment.  Given 
our general understanding of habitat preferences of the species, flow levels that ensure 
inundation of relatively deep portions of the river profile should be assumed to favor Snake 
Rive physa.  This would reasonably lead to the conclusion that operations from October to 
April, when minimum outflow from Minidoka Dam is 400 cfs, pose the greatest risk to 
Snake River physa due to the decrease in amount of available habitat and potential habitat 
dewatering.  No data exist to determine what specific flow level is needed to sustain and 
recover the species or how the proposed action may depart from these conditions. 

Reclamation’s Assessment (2004) and supplemental materials (in litt., 2005a, 2005b, 2005c) 
did not provide specific information about water quality conditions for this reach.  Some 
water quality data that have been collected at Jackson Bridge indicated a range of potential 
conditions that presumably vary by season and flow levels, some of which would likely 
adversely affect the Snake River physa (e.g., dissolved oxygen levels of 1.7 milligrams per 
liter and summer temperatures exceeding 24 °C).  We do not have information to describe 
water quality conditions between Minidoka Dam and Jackson Bridge, although we assume 
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that locations closer to the dam are likely to have higher water quality than locations farther 
downstream.  No information has been provided that would allow the Service to assess 
specific effects of the action on water quality.  In addition, there is no reliable specific 
information on the water quality needs of the Snake River physa, though all available 
information indicates a need for good water quality, particularly with respect to dissolved 
oxygen levels.  As noted above, proposed operations are similar to historical operations that 
supported Snake River physa at some level at the time of collection of shells there.  It is 
reasonable to conclude that the impaired water quality conditions in this reach are suboptimal 
for the species, but specific effects cannot be articulated given available information. 

Under the proposed action, Reclamation proposes to conduct systematic surveys for Snake 
River physa in the Minidoka reach.  As part of the proposal, an interagency technical team 
will annually evaluate the status of the species in this reach, conditions of its habitat, and 
their relationship to project operations (Reclamation, in litt., 2005c).  With the development 
of new information, the Service will be able to refine its evaluation of operational effects on 
water quantity and quantity in this area.  As specific information becomes available, it may 
be necessary to revisit this consultation. 

2. Milner Reach 

The Service concludes that effects to Snake River physa in this reach are discountable 
because the species is currently not likely to occur here. 

3. Middle Snake River Reach 

This reach includes more than 50 river miles, and large springs (around 5,500 cfs) begin to 
influence the Snake River around RM 585 within this reach.  Reclamation’s upstream 
operations, particularly storage of water in the winter months and diversion of water at 
Milner Dam, have indirect adverse effects on water quantity and quality that extend into this 
reach.  However, many other factors affect the Snake River physa and its habitat in this 
reach, including Idaho Power’s operation of hydroelectric projects, municipal discharges, and 
impacts from aquacultural and agricultural runoff.  It is not possible to determine the specific 
effects of Reclamation’s proposed action on physa in this reach, to distinguish them from 
effects from other actions, or to determine their significance. 

B. Effects of Interrelated or Interdependent Actions 

Interrelated actions are those that are a part of a larger action and depend on the larger action 
for their justification.  Interdependent actions are those that have no independent utility apart 
from the action under consideration.  Interrelated and interdependent actions related to the 
proposed action include diversion of storage water by private individuals and agricultural 
return flows from lands at least partially serviced by storage water, Reclamation-owned 
canals, or other delivery sources. 
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Actions interrelated and interdependent to Reclamations proposed action include the use of, 
and return of, irrigation water that Reclamation stores or delivers.  As noted in the previous 
section, the Service cannot credibly or accurately separate these actions from those that are 
independent of Reclamation’s operations.  As such, the preceding section regarding direct 
and indirect effects of the action also addresses effects from interrelated and interdependent 
actions. 

C. Cumulative Effects 

Cumulative effects include the effects of future State, tribal, local, or private actions that are 
reasonably certain to occur in the action area.  This section does not consider future Federal 
actions that are unrelated to the proposed action because they require separate consultation 
pursuant to section 7 of the Act. 

Throughout the Snake River physa’s range, State, local, and private activities will continue to 
negatively affect snail habitats.  These activities include destruction or modification of spring 
habitats that provide sources of relatively good water quality at various locations along the 
Snake River, reduced water quality in the Snake River due to agricultural and urban uses 
(e.g., runoff of pesticides, fertilizers, municipal water treatment systems, toxicant spills, and 
other sources of pollutants), withdrawal of water for irrigation under natural flow rights, and 
residential and commercial development projects. 

Aquifer springs provide recharge to the Snake River at numerous locations along its length 
and within the range and recovery area of the Snake River physa in the action area.  These 
springs provide large volumes of cold water of relatively high quality throughout the year.  
Nonetheless, water quantity and quality at these springs show signs of decline.  Much of this 
is likely due to agricultural practices, particularly water withdrawals due to groundwater 
pumping for irrigation, and leeching of agricultural chemicals and animal wastes into the 
aquifer (see Chapter 3 of this Opinion).  Aquifer recharge programs and other steps are 
currently being taken to slow or stop aquifer depletion.  However, depletion and 
eutrophication are expected to continue as the human population and water demands continue 
to grow in southern Idaho.  These factors will likely result in the continued degradation of 
habitats in the Snake River, which will continue to limit available habitat for the Snake River 
physa. 

IV. Conclusion 
After reviewing the current status of the Snake River physa, the environmental baseline for 
the action area, the effects of the proposed action, and the cumulative effects, it is the 
Service’s Opinion that the action, as proposed, is not likely to jeopardize the continued 
existence of the Snake River physa.  No critical habitat will be affected because none has 
been designated for this species. 
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Reclamation’s proposed operation of Minidoka Dam calls for minimum flows of 400 cfs 
from November to March.  This minimum flow will occur in no more than 5 of the next 
30 years, and for no more than 2 consecutive years during this period; flows above 400 cfs 
will be maintained for the remainder of the time.  During the irrigation season, from April 
through October, minimum flows will range from 1,300 to 7,600 cfs, depending on the 
month.  The 400-cfs minimum flow is similar to historical levels (i.e., since construction of 
the Minidoka Dam) and would inundate areas where Snake River physa likely has occurred 
in recent decades.  As noted above, it is not clear where the Snake River physa occurs in the 
reach below Minidoka Dam.  If it occurs in the tailrace, the location that appears to be most 
like typical physa habitat, habitat would remain inundated under any flow level, although 
water quality conditions are unknown.  If the species occurs in the river channel below the 
tailrace, it is most likely to be in deeper areas of the river channel that remain inundated 
during minimum flows.  Because shells from recently live specimens were collected from the 
area below Minidoka Dam during the mid-1990s, the Service concludes the species has 
persisted there under conditions that are similar to those that will result from the proposed 
action in the next 30 years.  For these reasons, the Snake River physa is expected to survive 
the next 30 years in the action area, and the effects of the proposed action (in conjunction 
with cumulative effects) are not likely to create conditions that are needed to recover this 
species. 

Under Reclamation’s amended proposed action (in litt., 2005c), 3 years of studies will be 
conducted within the first 5-year period of the proposed action (through 2010).  This effort 
will enable Reclamation and the Service to address some of the uncertainties about the 
species’ status and distribution.  The Service anticipates that the study effort will provide 
information about the Snake River physa and its response to the proposed operations for 
decision-making purposes. 

Studies alone are not a mechanism for reducing impacts of an action on threatened or 
endangered species.  In this case, however, the proposed Snake River physa strategy includes 
provisions to identify and implement measures to avoid and reduce the adverse effects of 
project operations on the Snake River physa identified during the above studies. 

It is possible that unanticipated adverse effects to the Snake River physa from Reclamation’s 
proposed action may be identified as a result of the above studies.  Based on the assumption 
that the species has persisted since development of the Minidoka Project, and because the 
studies described above will occur early in the 30-year term of the proposed action, the 
Service expects that there will be sufficient opportunity to address any unanticipated adverse 
impacts while the species is extant in the action area. 
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V. Incidental Take Statement 
Section 9 of the Act and Federal regulation pursuant to section 4(d) of the Act prohibit the 
take of endangered and threatened species, respectively, without special exemption.  Take is 
defined as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to 
attempt to engage in any such conduct.  The Service further defines harm to include 
significant habitat modification or degradation that results in death or injury to listed species 
by significantly impairing essential behavioral patterns, including breeding, feeding, or 
sheltering.  The Service defines harass as intentional or negligent actions that create the 
likelihood of injury to listed species to such an extent as to significantly disrupt normal 
behavior patterns which include, but are not limited to, breeding, feeding, or sheltering.  
Incidental take is defined as take that is incidental to, and not the purpose of, the carrying out 
of an otherwise lawful activity.  Under the terms of section 7(b)(4) and section 7(o)(2), 
taking that is incidental to and not intended as part of the agency action is not considered to 
be prohibited taking under the Act provided that such taking is in compliance with the terms 
and conditions of this incidental take statement. 

A. Amount or Extent of Take Anticipated 

The Service does not anticipate adverse effects or incidental take of Snake River physa to 
result from the action in the area from Milner Dam downstream to the middle Snake River 
reach.  Operation of Minidoka Dam may adversely affect the species in the Minidoka reach.  
Snake River physa may be harmed, harassed, injured, or killed as a result of the action’s 
alteration of water quantity and quality.  However, inadequate information exists about 
whether and where the species presently occurs in the Minidoka reach to accurately predict 
the specific impacts of the action on Snake River physa.  Without that information, it is not 
possible to anticipate whether or what incidental take is reasonably certain to result from the 
action.  As such, it is neither necessary nor appropriate to provide section 7(b)(4) or 7(o)(2) 
exemption from take prohibitions under section 9 of the Act in this Opinion. 

B. Reasonable and Prudent Measures and Terms and Conditions 

Because no take of the Snake River physa is specifically anticipated in this Opinion, no 
reasonable and prudent measures or terms and conditions have been developed. 

VI. Conservation Recommendations 
Section 7(a)(1) of the Act directs Federal agencies to utilize their authorities to further the 
purposes of the Act by carrying out conservation programs for the benefit of endangered and 
threatened species.  Conservation recommendations are discretionary agency activities to 
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minimize or avoid adverse effects of a proposed action on listed species or critical habitat, to 
help implement recovery programs or to develop information. 

1. Coordinate survey strategies for Snake River physa with other efforts to evaluate 
status, distribution, and conservation needs of the species.  Cooperate with the 
Service, Idaho Power, the State of Idaho, Tribes, and others to ensure compatibility of 
survey methods and information standards to ensure that data collected in multiple 
efforts are compatible and comparable.  Share results of field work and consider 
information collected by others in developing and implementing management actions 
to conserve and protect the species. 

2. Work with the Service, Tribes, Idaho Power, the State of Idaho, and other interested 
parties to assess the status of Snake River physa range-wide.  Participate actively in 
the Service’s 5-year status review for the species, particularly with respect to 
developing critical new information about distribution, habitat condition, life history 
requirements, and conservation needs. 

3. Cooperate with the Service, Tribes, Idaho Power, the State of Idaho, and others in 
efforts to recover Snake River physa.  Implement or contribute to actions that address 
and reduce threats to the species, including working to improve water quality, 
addressing effects of reduced water quantity, and securing and improving habitat 
critical to survival and recovery of Snake River physa. 

In order for the Service to be kept informed of actions minimizing or avoiding adverse 
effects of benefiting listed species or their habitats, the Service requests notification of the 
implementation of any conservation recommendations. 
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Chapter 8 

BLISS RAPIDS SNAIL 

I. Status of the Species 

A. Regulatory Status 

The Service (1992) listed the Bliss Rapids snail as threatened on December 14, 1992.  No 
critical habitat has been designated for this species.  The Service (1995) published a recovery 
plan for this species and four other Snake River snails. 

B. Description of the Species 

The shell of the Bliss Rapids snail is small- to medium-sized, growing to approximately 2.0 
to 4.0 millimeters in height.  The shell is globose to ovate-conic, smooth, with slightly 
convex whorls, shallow suture lines, and a small or absent umbilicus.  The shell is clear to 
white but appears to have two morphs due to coloration of periostracum.  The periostracum 
can be very light tan to dark brown-red, resulting in the “pale” and “orange” forms, 
respectively.  The Bliss Rapids snail has approximately 3.5 to 4.5 whorls with the protoconch 
comprising about 1.5 whorls; the apex is blunt.  The snail possesses a horny, paucispiral, 
light amber operculum. 

C. Status and Distribution 

The Bliss Rapids snail distribution was described as the middle Snake River from 
approximately RM 525 to 610 based on mollusk surveys dating back to 1884 (Service 1995).  
Known populations of the Bliss Rapids snail are discontinuously distributed throughout the 
Snake River within this reach, primarily concentrated in the Hagerman, Idaho, area, below 
several dams, and in cold-water springs and spring-fed tributaries from approximately 
RM 546 to 599 (Richards et al. 2001; T. Maret, in litt., 2002; Idaho Power 2003a, 2003b, 
2003c, 2003h, 2004a; Service 2004a; Service, in litt., 2004a, 2004c).  This distribution is 
slightly smaller, in terms of Snake River miles, from that reported previously by the Service 
(1995), which was based on distributions reported in Taylor (1982b) and Hershler et al. 
(1994), but includes locations for the species in tributary streams that were not previously 
known (Idaho Power 2003i, 2004a; Service, in litt., 2004a). 
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The current system of dams in the Hagerman area divides the Bliss Rapids snail’s range into 
three major river segments:  Bliss reach from Clover Creek (RM 547) to Bliss Dam 
(RM 560); Hagerman reach from upper Bliss Reservoir (RM 565) to Lower Salmon Falls 
Dam (RM 573); and the Shoshone reach from the upper end of Upper Salmon Falls 
Reservoir (RM 587.2) to Shoshone Falls (RM 614).  The river reach between Upper and 
Lower Salmon Falls Dams consists entirely of impounded waters from Idaho Power’s Lower 
Salmon Falls Project, and Bliss Rapids snails do not occur there.  The Bliss and Hagerman 
reaches have the greatest number of Bliss Rapids snails, although populations in the Bliss 
reach are believed to be restricted to the Bliss tailrace, Bancroft Springs, and Clover Creek.  
Within each of the isolated river segments, most if not all of the sizable populations are 
within major cold-water springs and spring tributaries (Idaho Power 2002, 2004b).  Any 
connection between these tributary populations is probably only possible during high flows 
that might transport snails downstream and attenuate, through dilution, the relatively poor 
water quality in the mainstem Snake River.  However, even under such a scenario, dispersing 
snails are unlikely to find suitable habitat with adequate water quality in the mainstem due to 
the presence of reservoirs, which do not support Bliss Rapids snails (Hershler et al. 1994; 
Idaho Power 2003b, 2003g). 

Bliss Rapids snails have been collected from another 11 locations, but all samples at those 
locations are greater than 10 years old.  It will be necessary to re-sample these sites to 
confirm the distribution and population status of the Bliss Rapids snail.  Recent information 
documented the Bliss Rapids snail from RM 546 (Clover Creek) to RM 599 (Niagara 
Springs) (Idaho Power 2003a, 2003b, 2003c, 2003d, 2003e, 2003f, 2003g, 2003h; Service, in 
litt., 2004a, 2004c) and described this as the species’ current distribution in the middle Snake 
River of Idaho (see Figure 19).  The Bliss Rapids snail is most abundant in tributaries and 
spring complexes in the Hagerman area of the Snake River, and the species’ occurrence 
decreases both upstream and downstream from this reach. 

D. Life History 

Little is known regarding the reproductive biology of the Bliss Rapids snail.  Hershler et al. 
(1994) described T. serpenticola in detail, including the anatomy of reproductive organs.  
Like most prosobranch gastropods, T. serpenticola is dioecous, having strictly male and 
female individuals.  Work conducted at Montana State University suggests that the Bliss 
Rapids snail may exhibit an iteroparous (more than one reproductive event in an individual’s 
lifetime) reproductive strategy (D. Richards, in litt., 2002).  Research conducted at the 
EcoAnalysts laboratory in Bozeman, Montana, and at Banbury Springs on the Snake River 
observed reproduction in January and August.  However, it is unclear whether a single 
population of adults reproduces twice a year (iteroparous), once in January and once in 
August, or if distinct adult cohorts are reproducing only once (semelparous) with egg masses 
observed from one cohort in January and from another in August.  Hershler et al. (1994) 
suggested that the species is univoltine, or annual, with the adult population being replaced 
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yearly, but they did not speculate on the existence of multiple cohorts reproducing 
asynchronously.  Eggs are laid singly, in small capsules attached to hard substrates in suitable 
microhabitats (Hershler et al. 1994).  Oviposition is thought to occur within 2 months of 
copulation, and eggs hatch in approximately 1 month (Dillon 2000). 

Existing information indicates that the Bliss Rapids snail is primarily an algivore, although it 
may also consume detritus, bacteria, and protozoa residing on the surfaces of benthic 
substrates.  Recent studies estimated growth rates of Bliss Rapids snails to range from 0.001 
to 0.006 millimeters per day (Richards et al. 2002).  Much biological information is still 
lacking, including age-specific mortality and fecundity, dietary analysis, life history 
requisites, and limiting environmental factors. 

There is little specific information indicating the “preferred” habitat of the species.  Although 
the snail is typically found on cobble-boulder sized substrates, recent surveys have found 
them on gravel-sized substrates in habitats with good water quality and stable flows (Idaho 
Power 2001a, 2003i; M. Stephenson, in litt., 2003).  The Bliss Rapids snail has been found to 
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Figure 19.  Map showing approximate locations of dams and distribution of Bliss Rapids snails in 
southern Idaho. 
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occupy shoreline habitats that appear to lack spring influences; however, given the number of 
springs in the Hagerman area, it is likely that there are many undetectable, sub-surface spring 
flows that contribute to stable temperatures and higher water quality.  New surveys of springs 
and cold-water tributaries in the Hagerman area (within the known range) frequently find 
Bliss Rapids snails (Idaho Power 2003i, 2004a; Service, in litt., 2004a, 2004c).  These habitat 
types are consistent with those described by the Service (1992) and in other published 
literature (Hershler et al. 1994).  The species is generally not found in association with 
attached aquatic macrophytes, mud, sand, or fine gravel substrates.  It is not known to burrow 
in soft sediments. 

The Bliss Rapids snail is generally found at a variety of water depths, in spring-influenced 
sites, at the edge of rapids, and in shallow-water littoral regions of the mainstem river.  The 
species has been found in very shallow water in permanent, cold-water springs (Frest and 
Johannes 1992) ranging in temperature from 15 to 16 °C (Hershler et al. 1994).  The Bliss 
Rapids snail has also been found inhabiting waters ranging from 7.6 to 19.8 °C in non-spring 
habitats.  Richards et al. (2001) collected Bliss Rapids snails in thermally constant waters 
(14.2 °C) and from a variety of habitats including edge, run, and aquatic vegetation.  Their 
study found no significant differences in snail densities between habitat types, though 
densities were highly variable.  Previous studies suggested the Bliss Rapids snail avoids 
aquatic vegetation (Frest and Johannes 1992). 

Bliss Rapids snails are not entirely restricted to spring sources or spring-fed tributaries.  
However, it appears that populations are consistently larger, in terms of density and spatial 
distribution, in spring sources and spring-fed tributaries compared to mainstem Snake River 
locations (Idaho Power 2003h, 2004b).  Hershler et al. (1994) suggested that mainstem 
populations occur where spring water is seeping into the river through the hyporheic zone.  
Based on information from surveys by Idaho Power and others, there are few populations or 
individuals observed in mainstem Snake River locations.  It appears that water temperature is 
correlated with snail density in a curvilinear relationship (see Figure 20), and temperatures 
are more stable and cooler on average in spring locations compared to mainstem locations.  
The Snake River may have historically served as a corridor for migration of snails to 
upstream or downstream locations with suitable habitat conditions, thus supporting year 
round populations (R.B. Langerhans, in litt., 2004).  Because mainstem populations have 
very low densities, particularly in the summer months, the Snake River may not currently 
represent a viable migratory corridor.  There are numerous other factors, such as pollution 
(e.g., trace metals, PCBs, excess sediments and nutrients), that may presently limit the Bliss 
Rapids snail’s ability to use the mainstem river (Hinson 2002; EPA 2002).  It is possible that 
mainstem Snake River populations were never abundant and only served as sinks for 
emigrating individuals during rare dispersal events between populations (R.B. Langerhans, in 
litt., 2004). 



Status of the Species  Bliss Rapids Snail – Chapter 8 

March 2005 U.S. Fish and Wildlife Service 175 

Most collections of Bliss Rapids snails have been at locations with water temperatures below 
20 °C, and more snails are generally observed in areas with cooler water temperature (12 to 
16 °C) (Idaho Power 2003h).  In support of the species’ cool-water requirement, research 
conducted on growth rates of snails at 6 temperatures clearly showed reduced growth at 
temperatures below 16 °C and above 22 °C with 10 to 20 percent mortality observed in the 
warmer temperature groups.  Highest growth rates in these studies were observed at 17 °C 
with no associated mortality (Richards et al. 2002). 

Although there is a lack of experimental data on limiting factors, the observed distribution of 
Bliss Rapids snails with known environmental stressors (e.g., impounded reaches of river) 
strongly suggests that something in reservoirs limits the growth, reproduction, and survival of 
the Bliss Rapids snail (Hershler et al. 1994; Idaho Power 2003a, 2003b, 2003c, 2004b).  
Periodic and rapid dewatering of shallow water habitats below dams from hydropower peak 
loading operations have resulted in Bliss Rapids snails disappearing from such habitats, 
whereas the invasive New Zealand mudsnail appears to thrive and has taken over in many of 
these locations (Bowler 1991). 
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Figure 20.  Relationship between water temperature and Bliss Rapids snail density 
from 264 collections in the Snake River during 2002 and 2003 (Idaho Power 2003h). 



Chapter 8 – Bliss Rapids Snail Status of the Species 

176 U.S. Fish and Wildlife Service March 2005 

E. Population Dynamics 

It has been difficult to estimate the size of existing populations of Bliss Rapids snails.  The 
species reaches its highest densities in cold-water springs and tributaries in the Hagerman 
reach of the middle Snake River (Idaho Power 2002, 2004b).  Population densities of this 
snail are much lower in the mainstem Snake River (less than 10 snails per square meter) than 
they are within the Thousand Springs Preserve (greater than 1,000 snails per square meter) 
(Frest and Johannes 1992; Idaho Power 2004b).  Richards et al. (2001) reported mean Bliss 
Rapids snail densities in Banbury Springs of 195 to 345 snails per square meter.  However, 
there is an overall lack of information regarding population occurrences and densities over a 
long enough time period to make reliable estimates of population status.  The most 
biologically conservative estimate of population size and density suggests that populations 
are small and have low densities relative to other native hydrobiid snails in the Snake River 
(Idaho Power 2004b; Service, in litt., 2004a, 2004b, 2004c) and that snail densities in the 
mainstem Snake River are considerably lower than in spring or spring-influenced sites (Idaho 
Power 2002, 2004b). 

F. Threats to the Species 

1. Habitat Modification 

The past development or alteration, or proposed development or alteration, of springs and 
mainstem Snake River locations continues to threaten populations of Bliss Rapids snails.  
Existing information indicates that the Bliss Rapids snail does not occur within impounded 
waters of the Snake River, and it is assumed that such impoundments serve as barriers to 
dispersal of the species within its range.  Prior to dam construction along the Snake River in 
the Hagerman area, the mainstem Snake River may have served as migratory corridor (see 
the preceding “Status and Distribution” and “Life History” sections).  It is not known if the 
range of the species extended upstream or downstream from its present location prior to 
irrigation and hydropower development in the Snake River.  Prior to anthropogenic 
degradation to water quality in the Snake River, colonies within the mainstem river were 
likely more widespread and robust. 

2. Water Quality and Quantity 

The quantity and quality of water in spring tributaries of the Snake River are an important 
influence on Bliss Rapids snail distribution and abundance.  In the early 1900s, spring 
discharges in the middle Snake River began to increase due to aquifer recharge from 
agricultural flood irrigation (U.S. Geological Survey 1998a).  However, U.S. Geological 
Survey records show that the average spring outflows in the Hagerman area have declined 
over the past 50 years (see Figure 17 in Chapter 3).  In part, these declines are due to 
groundwater pumping of the Eastern Snake River Plain aquifer for agricultural and urban 
use, as well as a gradual replacement of flood irrigation practices with the use of more 
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efficient, center-pivot sprinkler systems.  Many of the spring discharges today are nutrient-
laden (e.g., nitrogen and phosphorous) as a result of aquifer recharge from agricultural lands 
(irrigated crop and pasture land and confined animal feeding operations) (Idaho Department 
of Agriculture 2000; Idaho Department of Environmental Quality 2000).  Despite the often 
high nutrient content of spring discharges, free-flowing, cold-water springs and spring-fed 
tributaries are recognized as the most important habitats for the Bliss Rapids snail and other 
cold-water dependent species (e.g., Shoshone sculpin, Cottus greenei, and redband trout, 
Oncorhynchus myskiss gairdneri). 

One Federal and numerous private aquaculture operations use cold-water springs, mostly 
within the Hagerman reach.  These operations contribute significant quantities of nutrients to 
the river, most of which are derived from metabolic wastes of the fish and unconsumed fish 
food.  A number of aquaculture facilities also include fish-processing facilities, and some of 
the processing wastes makes its way into the Snake River.  Other wastes and residues from 
fish farms include disinfectants, bacteria, and residual quantities of drugs and other chemicals 
to control disease outbreaks and noxious algal growth.  Additionally, recent research found 
elevated levels of nitrogen and phosphorous, as well as elevated levels of trace elements, 
including zinc, copper, cadmium, lead, and chromium, immediately downstream from 
aquaculture discharges (Falter and Hinson 2003).  Benthic macroinvertebrate densities and 
biomass have been shown to generally increase downstream from aquaculture discharges 
with a concomitant decrease in species richness, indicating an overall decline in ecosystem 
function and habitat quality for Bliss Rapids snail immediately downstream from aquaculture 
facilities (Falter and Hinson 2003). 

Return of diverted irrigation water to the Snake River and tributaries plays a major role in 
degrading water quality, which affects the river’s native biota (Bowler et al. 1992; U.S. 
Geological Survey 1998a; EPA 2002).  Irrigation water returned to the Snake River generally 
has increased temperatures (with a subsequent decrease in dissolved oxygen), contains 
pesticide residues, has been enriched with nutrients from agriculture (nitrogen and 
phosphorous), and frequently contains elevated sediment loads (U.S. Geological 
Survey 1998a; Falter and Hinson 2003).  Recent research at Montana State University 
revealed concentrations of lead, cadmium, and arsenic in native snail tissues (D. Richards, in 
litt., 2002), which demonstrates that environmental pollutants in the Snake River are 
accumulating in snails.  The specific effects of potential metal contamination to Bliss Rapids 
snails are unknown; however, the effect to bivalve mollusks, for example, is known.  Mussels 
have been used frequently in toxicological testing, and it is known that individuals exposed 
to copper, for example, die more quickly under conditions of anoxia and high temperature 
(U.S. Geological Survey 1998b) similar to conditions frequently observed during the summer 
months in the middle Snake River (see Figure 21). 

Excessive nutrient inputs from both point and nonpoint anthropogenic sources (discussed 
above) alter natural biogeochemical cycles (Nebel and Wright 1996; Smith 1996).  Excess 
nitrogen and phosphorus, combined with warm water temperatures, can promote massive 
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algal growth, which may form mats of vegetation on the water surface.  These algal mats are 
not a food source for most mollusks (Dillon 2000), and they shade the margins of slow-
moving areas of rivers and lakes, decreasing light penetration through the water column and 
potentially affecting growth of epilithic algae, which is an appropriate food source for 
mollusks (Dillon 2000).  The results of these excess nutrient additions, or “cultural 
eutrophication” (Hasler 1969 in Smith 1996), is often a thick layer of decaying organic 
material (“mud” or “ooze”) characterized by anoxic conditions and low species diversity 
(Mason 1996).  This scenario is characteristic of the mainstem Snake River, although it also 
occurs at the confluence of the Snake River and certain springs, for example, Niagara springs 
and Clover Creek. 

Water quantity is also of concern to the species.  Reclamation states that “Milner Dam is 
generally considered to be the lowest control point in Reclamation’s O&M [operations and 
maintenance] in the Snake River system above Milner Dam” (Reclamation 2004).  
Reclamation does not own or manage the dam or three of the irrigation canal control 
headgates.  The agency does own the Milner Gooding Canal headgate.  According to 
Watermaster District 01 reports for the period from 1995 to 2003, the diversions at Milner 
Dam supplied an annual mean volume of 2,644,642 acre-feet of water for distribution.  Of 
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Figure 21.  Relationship between annual water temperature variations and dissolved oxygen 
concentrations from eight mainstem Snake River locations (U.S. Geological Survey data from 
http://Idaho.usgs.gov). 
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that, diverted water originating from Reclamation storage facilities accounted for quantities 
ranging from 320,226 to 1,389,218 acre-feet (11 to 56 percent of the water diverted at Milner 
Dam).  This does not include other Milner Pool withdrawals, which accounted for an 
additional annual average of 59,113 acre-feet.  Estimates of unregulated flow in the 
Assessment indicate that around 90 percent of flows in the Snake River between May and 
September are diverted at or before Milner Dam.  During the irrigation season, flows from 
Milner Dam downstream may be reduced to between less than 1 cfs up to 200 cfs (U.S. 
Geological Survey 2005).  In this period, most water accretion in this reach for the first 
49 miles below the dam is from irrigation return flows, resulting in very poor water quality.  
Spring contributions of good water quality to the Snake River begin to become significant at 
and below Briggs Creek (RM 590.3) (EPA 2002).  These factors have affected the 
distribution of the Bliss Rapids snail, making it very unlikely that the species has persisted in 
this 50-mile reach. 

Reclamation’s release of salmon flow augmentation water past Milner Dam when it is 
available has increased flows during the summer in some years since 1991, primarily 
between June 20 and August 31.  Table 2 in Chapter 1 on page 7 shows what volumes of 
water have been provided for salmon augmentation since 1991.  Although increased flows 
during the summer months may have provided some potential benefits to aquatic habitat in 
terms of water quality and quantity, the flow releases are of short duration.  After the quantity 
of water for a given year is delivered, flows are usually decreased to less than 200 cfs for the 
remainder of the irrigation season.  Therefore, even with salmon flow augmentation, 
dewatering and poor water quality likely preclude or severely limit potential for Bliss Rapids 
snail to occur in the reach downstream from Milner Dam. 

3. Habitat Fragmentation 

The hydroelectric projects on the middle Snake River have reduced the amount of free-
flowing river habitat within the historical range of the Bliss Rapids snail by about 37 percent 
(Service 2004a).  These hydroelectric dams have changed the fundamental hydrology of the 
Snake River.  This has fragmented previously continuous river habitat, affected fluvial 
dynamics, and contributed to the degradation of water quality.  Habitat fragmentation has 
isolated extant snail populations into smaller subpopulations, which are now more vulnerable 
to extirpation from stochastic events or the anthropogenic factors outlined above. 

The extant river populations of Bliss Rapids snails now separated by dams and reservoirs are 
unlikely to move through the reservoir and over, or through, the dams to disperse to suitable 
habitats.  Although the Bliss Rapids snail has been collected from the tailwater areas of some 
dams (e.g., Bliss and Lower Salmon Falls) (Frest et al. 1991), in general, the dams and 
reservoirs now present on the Snake River, as well as small dams and impoundments on 
suitable freshwater spring and tributary habitats, have destroyed formerly suitable Bliss 
Rapids snail habitat and act as barriers to dispersal. 
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It is not known what effect the fragmentation of populations, both at the macro- and micro-
scales, has on the demographics and genetics of the Bliss Rapids snail.  Based on field 
studies of this and other mollusks in the Snake River, snail populations tend to be patchily 
distributed and sometimes disappear from locations where they were once found (Idaho 
Power 2003h).  If such phenomena occur in small, isolated populations, the fragmented 
nature of the habitat may preclude re-colonization (e.g., rescue effect) (Brown and Kodric-
Brown 1977), and this will increase the risk of local extirpations (Fagan et al. 2002).  
Isolated populations can also suffer various effects associated with the loss of genetic 
diversity (Dudash and Fenster 2000), such as founder effects, demographic bottlenecks, 
genetic drift, and inbreeding (Meffe et al. 1997).  Regardless of whether isolated populations 
go extinct, remain stable, or thrive in isolation, genetic variability is lost as a result of the 
disconnection of gene flow between formally connected populations. 

4. Introduced Species 

The New Zealand mudsnail (Potamopyrgus antipodarum) is a non-native snail that is present 
throughout a large portion of the action area; in some locations it may reach densities of up to 
500,000 per square meter.  Ongoing competitive interactions between the mudsnail and 
native North American aquatic species have been documented (e.g., D. Gustafson in 
Richards 2001).  The mudsnail has been shown to spread and reproduce rapidly and greatly 
deplete the standing crop of aquatic algae and periphyton (Cada 2001; Hall 2001; Hall et al. 
2003).  The New Zealand mudsnail appears to tolerate watercourses with relatively low 
dissolved oxygen and mud or silt substrates, although they may also be abundant on hard 
substrates and under conditions of good water quality. 

Since the 1992 listing of the Bliss Rapids snail, the New Zealand mudsnail has continued to 
expand its range throughout Idaho and other western states.  Studies on direct competitive 
interactions between the mudsnail and the Bliss Rapids snail have been informative and have 
demonstrated density-dependent reductions in growth of both species (Richards et al. 2002) 
and a significant disassociation of Bliss Rapids snails from New Zealand mudsnails 
(Richards and Lester 2004).  The species’ physical tolerances (e.g., temperature and water 
velocity) (Winterbourne 1969; Lysne 2003), life history attributes (e.g., high fecundity, 
growth, and dispersal rates) (Winterbourne 1970; Richards et al. 2001, 2002), and habitat use 
(e.g., springs, rivers, reservoirs, and ditches) (Cada 2001; Reclamation 2002; Hall et al. 2003; 
Idaho Power 2004b; Service, in litt., 2004a, 2004c) likely provide the mudsnail with a 
competitive advantage over the Bliss Rapids snail and perhaps other species in relatively 
degraded Snake River and some tributary habitats.  The impact of the New Zealand mudsnail 
on trophic relationships and bioenergetics provides evidence that it is a major influence on 
species (Hall et al. 2003).  In Polecat Creek, a tributary of Jackson Lake in Grand Teton 
National Park, Wyoming, it has been shown that during seasonal high densities of New 
Zealand mudsnails, native invertebrates constituted only 3 percent of the benthic fauna, and 
the mudsnail consumed nearly all primary production there (Hall et al. 2003).  Given the 
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potential for an ecosystem-wide impact, the New Zealand mudsnail seems likely to continue 
to present a threat to native populations of aquatic species, including the Bliss Rapids snail. 

G. Conservation Needs 

Bliss Rapids snail persistence requires presence of high quality habitats in multiple tributary 
and spring locations and in the mainstem Snake River with connectivity among stronghold 
populations.  Areas with extant populations need to be protected and improved, and 
unoccupied suitable habits should be secured and recovered.  The focus area for recovery of 
Bliss Rapids snail is the Snake River and its tributaries from RM 525 to 610.  Suitable habitat 
has stable, cobble- to boulder-sized substrates throughout the river profile with good water 
quality:  water temperatures between 12 and 18 °C; dissolved oxygen concentrations greater 
than 6 milligrams per liter; and pH levels of 6.5 to 9.0. 

H. Information Limitations 

We cannot determine with any certainty what specific habitat characteristics control the 
presence and absence of the Bliss Rapids snail; however, we can conclude that water quality 
and temperature play an important role.  Until more detailed research on habitat preferences 
and limiting factors is completed, we will continue to use information included in this section 
to complete our section 7(a)(2) analysis for this Opinion.  More work is needed to determine 
thresholds for limiting environmental factors such as excessive sedimentation, dissolved 
oxygen concentrations, and heavy metal and organochlorine contamination. 

II. Environmental Baseline 
Regulations implementing the Act (50 CFR §402.02) define the environmental baseline as 
the past and present impacts of all Federal, State, or private actions and other human 
activities in the action area.  The environmental baseline also includes the anticipated impacts 
of all proposed Federal projects in the action area that have already undergone section 7 
consultations and the impacts of state and private actions that are contemporaneous with the 
consultations in progress. 

A. Status of the Species in the Action Area 

For this Opinion, the action area incorporates the present known range of the Bliss Rapids 
snails, from Twin Falls (RM 610.5) to Clover Creek (RM 547) (see Figure 19 on page 173).  
As such, the status of the species in the action area is the same as its status range-wide and is 
fully described in the preceding section. 
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B. Factors Affecting the Species in the Action Area 

Bliss Rapids snail’s known range falls entirely within the action area for this Opinion.  As 
such, factors affecting the species are the same as those threats described in “Threats to the 
Species” in Section I of this chapter. 

C. Recent Section 7 Consultations 

Three recent consultations for the Bliss Rapids snail in the action area are relevant to this 
Opinion.  In May 2004, the Service (2004a) provided the Federal Energy Regulatory 
Commission with a Biological Opinion for relicensing five Idaho Power hydropower projects 
in the middle Snake River.  In that Opinion, the Service concluded that the action would not 
jeopardize the continued existence of the species.  Effects associated with water level 
fluctuations from load-following practices would occur daily during 2 of the first 5 years of 
the license; in other years, unusual operations associated with powerplant shutdowns and 
other emergencies would also have effects on the species.  The primary impacts were 
associated with dewatering of riverine habitat below the Lower Salmon and Bliss Projects.  
The Service’s conclusion of no jeopardy was based primarily on the fact that the action 
influenced only a small portion of the known range of the species. 

On June 30, 2004, the Service (2004b) concluded that Federal Energy Regulatory 
Commission’s proposal for authorizing resumed operation of the Stevenson Hydroelectric 
Project on a small tributary to the Snake River would have only isolated adverse effects on 
Bliss Rapids snails and that the species would likely not be eliminated from the action area. 

On January 7, 2005, the Service (2004c) issued another Opinion to the Federal Energy 
Regulatory Commission for relicensing Idaho Power’s hydroelectric projects on the Malad 
River, which supports the Bliss Rapids snail both in the river and in tributary creeks and 
springs.  We concluded that the species would persist through the life of the proposed action, 
a 30- to 50-year license, in spite of effects from isolation and impaired water quality. 

III. Effects of the Proposed Action 
Regulations define effects of the action as “the direct and indirect effects of an action on the 
species or critical habitat, together with the effects of other activities that are interrelated or 
interdependent with the actions, that will be added to the environmental baseline” 
(50 CFR §402.02). 
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A. Direct and Indirect Effects 

Direct effects are defined as the direct or immediate effects of the action on the species or its 
habitat.  Indirect effects are defined as those effects that are caused by or result from the 
proposed action, are later in time, and are reasonably certain to occur. 

Reclamation’s proposed action is likely to result in indirect adverse effects on Bliss Rapids 
snails.  These will be associated with changes in water quantity and quality downstream from 
Milner Dam.  Effects attributable to Reclamation’s action are difficult to distinguish from 
those that result from interrelated and interdependent actions and from effects that are 
unrelated to any Reclamation action.  As such, our analysis here is qualitative, and we 
acknowledge that definitive conclusions cannot be drawn about what adverse effects on Bliss 
Rapids snails we expect to specifically result from Reclamation actions over the 30-year 
period covered by this Opinion. 

Generally, reduced flows and impaired water quality limit the distribution of Bliss Rapids 
snails to relatively clean tributary springs and a few spring-influenced reaches of the 
mainstem Snake River (Hershler et al. 1994).  In terms of water quantity, Reclamation’s 
action over the next 30 years will result in continued degradation of habitat and will limit the 
distribution and abundance of the species.  This is specifically related to the diversion of all 
flows at Milner Dam during the irrigation season and reduced flows at other times of year 
when storage reservoirs are being filled.  Reclamation water is expected to account for 
between 11 and 56 percent of the water diverted at Milner Dam over the life of the action.  
Reclamation actions that hold water upstream from the area occupied by Bliss Rapids snail 
will affect that species for the life of the project.  Inflows associated with agriculture return 
water, and farther downstream, spring and tributary inflows, attenuate the effects of flow 
reduction downstream from Milner Dam. 

Impaired water quality in the middle Snake River will be an indirect effect of Reclamation’s 
action of providing water for irrigated agriculture.  Irrigation water is returned to the Snake 
River via surface flows and ground infiltration discharged at springs in the Snake River 
Canyon.  As noted in this Opinion, irrigation return flows are polluted with sediment, 
nitrogen, phosphorus, and pesticide residues; water temperature is elevated, and dissolved 
oxygen levels are seriously reduced.  The degraded condition of this water renders much of 
the middle Snake River uninhabitable by Bliss Rapids snails and limits their abundance and 
resilience in areas where they do occur.  Because the non-native New Zealand mudsnail can 
withstand impaired conditions, it is likely that over the 30-year period of the action 
considered in this Opinion, the mudsnail will increase in numbers and its range will expand.  
We anticipate adverse effects to the Bliss Rapids snail in terms of competition for habitat 
with the mudsnail, which can withstand conditions that reduce the fitness of the native snails. 

As with flow effects, Reclamation’s proposed action is just one of a large number of factors 
that will affect Bliss Rapids snails over the next 30 years.  Not all agriculture return flows are 
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associated with Reclamation’s action of storing and delivering water.  Also, because there are 
so many sources of pollutants in the range of the species, it is not possible to determine the 
relationship between water quality conditions and Reclamation’s actions, and we are unable 
to assign a relative importance to these effects. 

B. Effects of Interrelated or Interdependent Actions 

Interrelated actions are those that are a part of a larger action and depend on the larger action 
for their justification.  Interdependent actions are those that have no independent utility apart 
from the action under consideration.  Interrelated and interdependent actions related to the 
proposed action include diversion of storage water by private individuals and agricultural 
return flows from lands at least partially serviced by storage water, Reclamation-owned 
canals, or other delivery sources. 

Actions interrelated and interdependent to Reclamations proposed action include the use of, 
and return of, irrigation water that Reclamation stores or delivers.  As noted in the previous 
section, the Service cannot credibly or accurately separate these actions from those that are 
independent of Reclamation’s operations.  As such, the preceding section regarding direct 
and indirect effects of the action also addresses effects from interrelated and interdependent 
actions. 

C. Cumulative Effects 

Cumulative effects include the effects of future State, tribal, local, or private actions that are 
reasonably certain to occur in the action area.  This section does not consider future Federal 
actions that are unrelated to the proposed action because they require separate consultation 
pursuant to section 7 of the Act. 

Throughout the Bliss Rapids snail’s range, State, local, and private activities will continue to 
negatively affect snail habitats.  These activities include destruction or modification of spring 
habitats that provide sources of relatively good water quality at various locations along the 
Snake River, reduced water quality in the Snake River due to agriculture and urban uses 
(e.g., runoff of pesticides, fertilizers, municipal water treatment systems; toxicant spills, and 
other sources of pollutants), withdrawal of water for irrigation under natural flow rights, and 
residential and commercial development projects. 

Aquifer springs provide recharge to the Snake River at numerous locations along its length 
and within the range and recovery area of the Bliss Rapids snail in the action area.  These 
springs provide large volumes of cold water of relatively high quality throughout the year.  
Nonetheless, water quantity and quality from these springs show signs of decline.  Much of 
this is likely due to agricultural practices, particularly water withdrawal due to groundwater 
pumping for irrigation, and leeching of agricultural chemicals and animal wastes into the 
aquifer (see Chapter 3 of this Opinion).  Aquifer recharge programs and other steps are 
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currently being taken to slow or stop aquifer depletion.  However, depletion and 
eutrophication are expected to continue as the human population and water demands continue 
to grow in southern Idaho.  These factors will likely result in the continued degradation of 
habitats in the Snake River, which will continue to limit available habitat for the Bliss Rapids 
snail. 

IV. Conclusion 
After reviewing the current status of the Bliss Rapids snail, the environmental baseline for 
the action area, the effects of the proposed action, and the cumulative effects, it is the 
Service’s Opinion that the action, as proposed, is not likely to jeopardize the continued 
existence of the Bliss Rapids snail.  No critical habitat will be affected because none has been 
designated for this species. 

Although Reclamation’s proposed operation of projects in the Snake River will have indirect 
adverse effects on Bliss Rapids snail over the 30-year term of this action, we do not 
anticipate that those effects would jeopardize the continued existence of the species.  
Reclamation effects will be among many other effects on the species and its habitat.  We do 
not have sufficient information to quantify the extent or relative contribution of adverse 
effects associated with the proposed action in context with other factors causing similar 
adverse effects.  We do expect that it will contribute to limitations on the distribution of the 
Bliss Rapids snail in the mainstem Snake River and to degraded water quality in springs and 
tributaries.  The spring and spring-fed tributaries to the Snake River will continue to support 
colonies of the species, although issues associated with aquifer depletion, invasive species, 
and eutrophication will have long-term impacts to the species.  However, the proposed 
action, along with the aquifer issues, will not appreciably diminish the likelihood that the 
species will survive over the term of the proposed action.  The proposed action will not alter 
the numbers, distribution, or reproduction of Bliss Rapids snail to an extent that it would 
impair survival of the species in the wild.  The Service concludes that the effects of the 
action, interrelated and interdependent actions, and cumulative effects will retard recovery of 
the species but will not appreciably reduce the likelihood of its survival. 

V. Incidental Take Statement 
Section 9 of the Act and Federal regulation pursuant to section 4(d) of the Act prohibit the 
take of endangered and threatened species, respectively, without special exemption.  Take is 
defined as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to 
attempt to engage in any such conduct.  The Service further defines harm to include 
significant habitat modification or degradation that results in death or injury to listed species 
by significantly impairing essential behavioral patterns, including breeding, feeding, or 
sheltering.  The Service defines harass as intentional or negligent actions that create the 
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likelihood of injury to listed species to such an extent as to significantly disrupt normal 
behavior patterns, which include, but are not limited to, breeding, feeding, or sheltering.  
Incidental take is defined as take that is incidental to, and not the purpose of, the carrying out 
of an otherwise lawful activity.  Under the terms of section 7(b)(4) and section 7(o)(2), 
taking that is incidental to and not intended as part of the agency action is not considered to 
be prohibited taking under the Act provided that such taking is in compliance with the terms 
and conditions of this incidental take statement. 

A. Amount or Extent of Take Anticipated 

The Service expects that the proposed action may result in take of Bliss Rapids snails 
through harm, injury, and potentially death associated with altered water quality and reduced 
water quantity.  However, such take is also likely to result from many unrelated Federal and 
non-Federal actions as well, and it is not possible to specifically attribute some portion of that 
take to Reclamation’s action.  Also, it is extremely difficult to detect such take and to 
attribute it to a specific cause because a complexity of factors influence the middle Snake 
River and because we lack the ability to measure such harm, injury, and death to the species.  
Given these factors, it is not possible or reasonable for the Service to provide a quantitative 
description of incidental take that is reasonably likely to result from the proposed action.  As 
such, we are not providing section 7(b)(4) or 7(o)(2) exemption from take prohibitions under 
section 9 of the Act in this Opinion. 

B. Reasonable and Prudent Measures and Terms and Conditions 

Because no take of Bliss Rapids snail is specifically anticipated in this Opinion, no 
reasonable and prudent measures or terms and conditions are required. 

VI. Conservation Recommendations 
Section 7(a)(1) of the Act directs Federal agencies to utilize their authorities to further the 
purposes of the Act by carrying out conservation programs for the benefit of endangered and 
threatened species.  Conservation recommendations are discretionary agency activities to 
minimize or avoid adverse effects of a proposed action on listed species or critical habitat, to 
help implement recovery programs or to develop information. 

1. Participate actively in efforts to recover the Bliss Rapids snail.  Cooperate with the 
Service, Tribes, Idaho Power, the State of Idaho, and others to improve conditions 
and remove threats to the species in the Snake River and tributary streams and 
springs. 

2. Contribute to efforts to address threats associated with reduced water quantity in the 
Snake River below Milner Dam.  Seek a long-term strategy for release and delivery 
of salmon augmentation flows that improves conditions for aquatic species in the 
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reach from Milner Dam to the middle Snake River.  Identify and facilitate water 
conservation measures that result in year-round flows that support Bliss Rapids snails 
and other native aquatic species in the Snake River and its tributaries. 

3. Work with the Service, Tribes, Idaho Power, the State of Idaho, and others to address 
impaired water quality in the range of the Bliss Rapids snail.  Evaluate the 
relationship between efforts to increase water quantity and associated improvements 
in water quality, and cooperate to implement actions that increase flows and improve 
water quality in mainstem reaches of the Snake River where the species occurs or 
could be recovered.  Participate in interagency efforts, such as implementation of 
measures called for under section 303(d) of the Clean Water Act, to improve water 
quality in the species range.  Facilitate efforts to improve the quality of agricultural 
water returned to the Snake River and tributaries. 

4. Cooperate with the Service, Tribes, Idaho Power, the State of Idaho, and others to 
address threats to Bliss Rapids snail related to declining quality and quantity of water 
in spring habitats.  Participate actively in efforts to characterize and assess factors 
contributing to the reduced quality of springs in the range of the species.  Evaluate 
opportunities associated with water conservation and groundwater recharge, and 
contribute to actions that conserve or increase spring flows.  Assist in efforts to 
reduce the introduction of pollutants into groundwater.  Work with others to secure 
and protect springs critical to the survival and recovery of Bliss Rapids snail. 

5. Participate actively in work to update information on the status, distribution, and 
population trends for the Bliss Rapids snail.  Work with the Service, Tribes, Idaho 
Power, the State of Idaho, and others to ensure survey and habitat assessment 
methods are compatible and data collected are comparable.  Cooperate in efforts to 
identify conservation and recovery needs of the species. 

In order for the Service to be kept informed of actions minimizing or avoiding adverse 
effects of benefiting listed species or their habitats, the Service requests notification of the 
implementation of any conservation recommendations. 
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Chapter 9 

BULL TROUT 

I. Status of the Species 

A. Regulatory Status 

The Service (1998) issued a final rule listing the Columbia River and Klamath River 
populations of bull trout as threatened.  With the listing of the Jarbidge River population 
(Service 1999c) and the Coastal-Puget Sound and St. Mary-Belly River populations 
(Service 1999b) as threatened, all bull trout in the coterminous United States were considered 
threatened.  The Service designated critical habitat for bull trout, but there is none designated 
within the action area.  The Service (2002) published a draft recovery plan for bull trout, but 
the final recovery plan will not be released until the Service completes a 5-year status review 
(scheduled for completion in spring 2005).  The purpose of the review is to determine if the 
bull trout should be removed from the threatened species list, if its status should be changed 
to endangered, or if its status should remain the same. 

B. Description of the Species 

Bull trout (Salvelinus confluentus), member of the family Salmonidae, is a char native to the 
Pacific Northwest and western Canada.  Bull trout historically occurred in major river 
drainages in the Pacific Northwest from the southern limits in the McCloud River in northern 
California and the Jarbidge River in Nevada to their northern boundary in the headwaters of 
the Yukon River in the Northwest Territories, Canada (Cavender 1978; Bond 1992).  To the 
west, the bull trout range includes Puget Sound, coastal rivers of British Columbia, Canada, 
and southeast Alaska (Bond 1992).  Bull trout are widespread throughout the Columbia River 
basin, including its headwaters in Montana and Canada, and also occur in the Klamath River 
basin of south central Oregon.  East of the Continental Divide, bull trout are found in the 
headwaters of the Saskatchewan River in Alberta and the MacKenzie River system in 
Alberta and British Columbia (Cavender 1978; Brewin and Brewin 1997). 

Girard first described bull trout as Salmo spectabilis in 1856 from a specimen collected on 
the lower Columbia River, and it was subsequently described under a number of names such 
as Salmo confluentus and Salvelinus malma (Cavender 1978).  Bull trout and Dolly Varden 
(Salvelinus malma) were previously considered a single species (Cavender 1978; 
Bond 1992).  Cavender (1978) presented morphometric (measurement), meristic 
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(geometrical relation), osteological (bone structure), and distributional evidence to document 
specific distinctions between bull trout and Dolly Varden.  The American Fisheries Society 
formally recognized bull trout and Dolly Varden as separate species in 1980 (Robins et 
al. 1980). 

C. Status and Distribution 

Though widely distributed in parts of Oregon, Washington, Idaho, and Montana, bull trout in 
the interior Columbia River basin presently occur in only about 44 to 45 percent of their 
potential historical range (Quigley and Arbelbide 1997; Rieman et al. 1997).  Habitat loss, 
fragmentation, and associated declining populations have been documented rangewide 
(Bond 1992; Schill 1992; Thomas 1992; Ziller 1992; Rieman and McIntyre 1993; Newton and 
Pribyl 1994; Idaho Department of Fish and Game, in litt., 1995).  Several local extinctions have 
been reported, beginning in the 1950s (Rode 1990; Ratliff and Howell 1992; Donald and 
Alger 1993; Goetz 1994; Newton and Pribyl 1994; Berg and Priest 1995; Light et al. 1996; 
Buchanan and Gregory 1997; Washington Department of Fish and Wildlife 2004). 

The combined effects of habitat degradation and fragmentation, blockage of migratory 
corridors, degraded water quality, angler harvest and poaching, entrainment into diversion 
channels and dams, introduced non-native species (e.g., brook trout (Salvelinus fontinalis)), 
and climate change (Reiman et al. 1997) have resulted in declines in bull trout distribution 
and abundance.  Land and water management activities such as dams and other diversion 
structures, forest management practices, livestock grazing, agriculture, road construction and 
maintenance, mining, and urban and rural development continue to degrade bull trout habitat 
and depress bull trout populations (Service 2002). 

The Columbia River distinct population segment includes bull trout residing in portions of 
Oregon, Washington, Idaho, and Montana.  The Columbia River distinct population segment 
has declined in overall range and numbers of fish.  In some areas within the distinct 
population segment, robust populations of bull trout still exist.  However, many occur as 
isolated local populations in headwater lakes or tributaries where migratory fish have been 
lost, potentially as a result of habitat fragmentation, isolation, and barriers that limit bull trout 
distribution and migration within the basin. 

In its draft recovery plan for bull trout, the Service (2002) divides the Columbia River 
distinct population segment into 22 recovery units, each of which is comprised of one or 
more core areas and further divided into local populations.  These divisions were intended to 
provide a structure that considers both the genetic relationship of local population and 
management options (recovery units), to reflect metapopulation structure (core areas), and to 
approximate a panmictic (completely random breeding) group of individuals (Service 2002; 
Whitesel et al. 2004).  Whitesel et al. (2004) evaluated the appropriateness of these divisions.  
They found that the definitions and delineations of local populations and core areas hold true 
to theory in some cases but not all.  In general, they indicated that this scale of delineation is 
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appropriate.  However, they found that recovery units, as defined, did not adequately 
represent biological groupings of bull trout, and they recommended the use of Conservation 
Units instead, as described below. 

Recent literature (Spruell et al. 2003) provides updated information on the genetic population 
structure of bull trout across the northwestern United States.  Based on analysis of four 
microsatellite loci, Spruell et al. (2003) suggested that there are three major genetically 
differentiated groups (lineages) of bull trout represented within the Columbia River distinct 
population segment.  They described these as “Coastal” populations, “Snake River” 
populations, and “Upper Columbia” populations (including primarily the Lake Pend Oreille 
and Clark Fork basin populations), with populations further subdivided, primarily at the level 
of major river basins.  Whitesel et al. (2004) used this and other information to describe four 
“Conservation Units” (upper Columbia River, Snake River, Klamath River, and Coastal-
Puget Sound) that are thought to represent the best estimate for delineation of areas that are 
necessary to ensure evolutionary persistence of bull trout. 

The action area for this consultation falls within the Snake River Conservation Unit, which 
includes the Clearwater, Salmon, Grande Ronde, Umatilla/Walla Walla, John Day, Malheur, 
Boise, Payette, Weiser, Imnaha/Snake, Jarbidge, and Powder River basins, and Pine and 
Indian Creeks.  The status of populations within these basins varies widely, and overall 
abundance of bull trout in some populations is largely unknown (e.g., in the Salmon River 
basin).  We do not have reliable abundance information for all of these basins, but we can 
characterize them in a qualitative way based on number of local populations and some 
incomplete abundance information.  For the purposes of this document, strong populations 
are those that are considered well distributed and relatively abundant within the capability of 
the watersheds in which they exist.  The Clearwater, Salmon, Umatilla/Walla Walla, and 
Imnaha/Snake River basins have bull trout populations in a variety of conditions, including 
some that are relatively strong (areas with 2,500 to 5,000 adults or more).  The Grande 
Ronde, John Day, Boise, and Payette River basins also have bull trout populations in a 
variety of conditions, with the whole basin abundance best characterized as moderate (e.g., 
approximately 500 adults).  Populations in the Weiser, Jarbidge, Malheur, and Powder River 
basins, and Pine and Indian Creeks are weak, with less than 500 adults in the total basin. 

1. Historical Distribution 

The historical range of bull trout includes major river basins in the Pacific Northwest at about 
41 and 60 degrees North latitude, from the southern limits in the McCloud River in northern 
California and the Jarbidge River in Nevada to the headwaters of the Yukon River in the 
Northwest Territories, Canada (Cavender 1978; Bond 1992).  The range extended east of the 
continental divide in the headwaters of the Saskatchwan River in Alberta and Montana and in 
the Mackenzie River system in Alberta and British Columbia, Canada (Cavender 1978; 
Brewin and Brewin 1997). 
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Bull trout were present throughout the Snake River basin and in the western section of Idaho 
downstream from Shoshone Falls, including the Clearwater, Salmon, Boise, and Payette 
River systems.  The species is reported to have been widely dispersed throughout the basin, 
limited only by natural passage and thermal barriers.  In this drainage, their historical range 
approximates that of spring, summer, and fall Chinook salmon (Thurow 1987; Rieman and 
McIntyre 1993) and possibly included the Owyhee and Bruneau River basins and other 
tributaries upstream as far as Salmon Falls Creek.  They are not known to have occurred in 
the Snake River upstream from Shoshone Falls, the Wood River system, Birch Creek, or any 
stream in Idaho that drains the Centennial Mountains between Henrys Lake and the 
Bitterroot Range.  An isolated population exists in the Little Lost River near Howe, Idaho, 
between the Lost River and Lemhi mountain ranges (Batt 1996). 

In eastern Oregon, bull trout are present in the Grand Ronde, Malheur, and Powder River 
systems, but they are not known to occur in the Burnt River system.  Data on its historical 
distribution in the Malheur River drainage is limited and dates from Oregon Department of 
Fish and Wildlife observations beginning in 1955 (Buchanan et al. 1997).  Before the 
construction of dams, bull trout could access the Snake River from the Malheur and North 
Fork Malheur Rivers.  Anadromous salmon and steelhead historically spawned in the upper 
Malheur River basin (Northwest Power and Conservation Council 2002).  The lower 
Malheur River was most likely too warm for bull trout spawning or juvenile rearing but 
would have provided migratory habitat to and from the Snake River and overwintering 
habitat (Hanson et al. 1990 in Buchanan et al. 1997). 

The Snake River Hells Canyon subbasin lies within the historical native range of bull trout, 
although no clear documentation of the historical distribution of bull trout within the 
subbasin exists (Nez Perce Tribe 2004).  According to Buchanan et al. (1997), there is no 
documentation of bull trout in the Powder River basin prior to the 1960s.  It is suspected that 
they were widespread in the upper Powder River drainage and seasonally connected to the 
Snake River.  Historical information about the distribution of bull trout below Hells Canyon 
Dam in the mainstem Snake River is very limited (Chandler 2003).  Buchanan et al. (1997) 
reported that the Idaho Department of Fish and Game observed bull trout at the mouth of 
Sheep, Granite, Deep, and Wolf Creeks between Hells Canyon Dam and the Imnaha River. 

The distribution of bull trout may have paralleled the distribution of potential prey such as 
whitefish and sculpins.  In several river basins where bull trout evolved with populations of 
juvenile salmon, bull trout abundance declined when juvenile salmon prey declined or were 
eliminated (Ratliff 1992). 

2. Current Distribution 

The Service (2002) has identified 22 management units for bull trout in the Columbia River 
basin.  Draft recovery plans for each of these units contain information relating to the current 
distribution of bull trout.  The “Environmental Baseline” discussion in Section II of this 
chapter describes the current distribution of bull trout within the action area. 
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D. Life History 

Bull trout exhibit resident and migratory life history strategies throughout much of the 
current range (Rieman and McIntyre 1993).  Resident bull trout complete their entire life 
cycle in or near the streams where they spawn and rear.  Migratory bull trout spawn and rear 
in streams for 1 to 4 years before migrating downstream to either a lake/reservoir (adfluvial), 
river (fluvial), or in certain coastal areas, to salt water (anadromous), where they reach 
maturity (Fraley and Shepard 1989; Goetz 1989).  Resident and migratory forms often occur 
together, and it is suspected that individual bull trout may give rise to offspring exhibiting 
both resident and migratory behavior (Rieman and McIntyre 1993). 

Bull trout have specific habitat requirements that distinguish them from other salmonids 
(Rieman and McIntyre 1993).  Watson and Hillman (1997) concluded that watersheds must 
have specific physical characteristics to provide habitat requirements for bull trout to 
successfully spawn and rear, and that the characteristics are not necessarily ubiquitous 
throughout these watersheds.  Because bull trout exhibit a patchy distribution, even in 
pristine habitats (Rieman and McIntyre 1993), the fish should not be expected to 
simultaneously occupy all available habitats (Rieman et al. 1997). 

Bull trout are found primarily in colder streams, although individual fish are migratory in 
larger, warmer river systems throughout the Columbia River basin (Fraley and Shepard 1989; 
Rieman and McIntyre 1993, 1995; Buchanan and Gregory 1997; Rieman et al. 1997).  
Dunham et al. (2003) found that the probability of bull trout occurrences is low when mean 
daily temperatures exceed 14 to 16 °C; Selong et al. (2001) reported that maximum growth 
of bull trout occurred at 13.2 °C.  These temperature requirements may partially explain the 
patchy distribution within a watershed (Fraley and Shepard 1989; Rieman and 
McIntyre 1995).  Spawning areas are often associated with high elevation, cold-water 
springs, groundwater infiltration, and the coldest streams in a given watershed (Pratt 1992; 
Rieman and McIntyre 1993; Rieman et al. 1997).  Goetz (1989) suggested optimum water 
temperatures for rearing of about 7 to 8 °C and optimum water temperatures for egg 
incubation of 2 to 4 °C.  In Granite Creek, Idaho, Bonneau and Scarnecchia (1996) observed 
that juvenile bull trout selected the coldest water available in a plunge pool, 8 to 9 °C within 
a temperature gradient of 8 to 15 °C.  Dunham et al. (2003) found that maximum bull trout 
use during the summer (July 15 to September 30) occurred between 7 and 12 °C. 

All bull trout life history stages are associated with complex forms of cover, including large 
woody debris, undercut banks, boulders, and pools (Oliver 1979; Fraley and Shepard 1989; 
Goetz 1989; Hoelscher and Bjornn 1989; Sedell and Everest 1991; Pratt 1992; Thomas 1992; 
Rich 1996; Sexauer and James 1997; Watson and Hillman 1997).  In general, bull trout 
prefer relatively stable channel and water flow conditions (Rieman and McIntyre 1993).  
Jakober (1995) observed bull trout overwintering in deep beaver ponds or pools containing 
large woody debris in the Bitterroot River drainage, Montana, and suggested that suitable 
winter habitat may be more restrictive than summer habitat.  Juvenile and adult bull trout 
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frequently inhabit side channels, stream margins, and pools with suitable cover (Sexauer and 
James 1997). 

Fraley and Shepard (1989) found that bull trout select spawning habitat in low gradient 
stream sections with gravel substrates; Goetz (1989) found preferred spawning water 
temperatures of 5 to 9 °C.  They typically spawn from August to mid-October during periods 
of decreasing water temperatures.  High juvenile densities were observed in Swan River, 
Montana, and tributaries with diverse cobble substrate and low percentage of fine sediments 
(Shepard et al. 1984).  Pratt (1992) indicated that increases in fine sediments reduce egg 
survival and emergence. 

Life history strategy influences bull trout size.  Growth of resident fish is generally slower than 
growth of migratory fish; resident fish tend to be smaller at maturity and less fecund (Fraley 
and Shepard 1989; Goetz 1989).  Bull trout normally reach sexual maturity in 4 to 7 years and 
live as long as 12 years.  Repeat and alternate-year spawning has been reported, although 
repeat spawning frequency and post-spawning mortality are not well understood (Leathe and 
Graham 1982; Fraley and Shepard 1989; Pratt 1992; Rieman and McIntyre 1996). 

Migratory bull trout frequently begin migrations as early as April and have been known to move 
upstream as far as 250 kilometers (155 miles) to spawning grounds (Fraley and Shepard 1989).  
Depending on water temperature, incubation is normally 100 to 145 days (Pratt 1992), and after 
hatching, juveniles remain in the substrate.  Time from egg deposition to fry emergence may 
exceed 200 days.  Fry normally emerge from early April through May, depending upon water 
temperatures and increasing stream flows (Pratt 1992; Ratliff and Howell 1992). 

Bull trout are opportunistic feeders with food habits primarily a function of size and life history 
strategy.  Resident and juvenile migratory bull trout prey on terrestrial and aquatic insects, 
macrozooplankton, and small fish (Boag 1987; Goetz 1989; Donald and Alger 1993).  Adult 
migratory bull trout are primarily piscivores (Fraley and Shepard 1989; Donald and Alger 1993). 

Rieman and McIntyre (1993) indicated that diverse life history strategies are important to the 
stability and persistence of populations of any species.  Such diversity is thought to stabilize 
populations in highly variable environments or to reestablish segments of populations that 
have disappeared due to anthropogenic or natural events. 

Variation in the timing of migration and in the timing and frequency of spawning within a 
metapopulation also represents diversity in life history.  A metapopulation is an interacting 
network of local populations with varying frequencies of migration and gene flow among 
them (Meffe and Carroll 1994).  Bull trout may spawn each year or in alternate years (Block 
et al. in Batt 1996).  It is possible that four or more age-classes could comprise any spawning 
population, with each age-class including up to three migration strategies (Rieman and 
McIntyre 1993).  This theory supports the idea that the multiple life history strategies found 
in bull trout populations represent important diversity within populations. 



Status of the Species Bull Trout – Chapter 9 

March 2005 U.S. Fish and Wildlife Service 201 

E. Population Dynamics 

Migratory corridors link seasonal habitats for all bull trout life history forms, and the ability 
to migrate is important to the persistence of local bull trout populations (Rieman and 
McIntyre 1993; Rieman et al. 1997).  Pre- and post-spawning migrations facilitate gene flow 
among local populations because individuals from different local populations interbreed 
when some stray and return to non-natal streams.  Local populations extirpated by 
catastrophic events may also become reestablished in this manner. 

Metapopulation concepts of conservation biology theory are applicable to the distribution 
and characteristics of bull trout (Rieman and McIntyre 1993).  Local populations may 
become extinct, but they may be reestablished by individuals from other nearby local 
populations.  Metapopulations provide a mechanism for reducing the risk of local extinction 
because the simultaneous loss of all local populations is unlikely, and multiple local 
populations distributed and interconnected throughout a watershed provide a mechanism for 
spreading risk from stochastic events (Rieman and McIntyre 1993). 

F. Conservation Needs 

Bull trout conservation requires the long-term persistence of self-sustaining, complex, 
interacting groups of fish distributed throughout the species’ native range.  Two of the factors 
identified as necessary for recovery also translate into general factors that address the 
conservation needs of the species.  These two factors include restoring and maintaining 
suitable habitat conditions for all bull trout life stages and life history strategies, and 
conserving genetic diversity and providing opportunity for genetic exchange. 

To achieve these general needs, several specific conservation measures should be addressed.  
The first involves metapopulation theory.  As described above, a functioning metapopulation 
is comprised of multiple local populations distributed and interconnected throughout a 
watershed, which provides a mechanism for reducing the risk of extirpation associated with 
stochastic events. 

The second measure involves connectivity between populations.  A migratory component in 
bull trout populations is recognized as important to overall health, long-term persistence, and 
recovery because it allows for reestablishment of populations in reaches where bull trout 
have been extirpated (Rieman and McIntyre 1993; Whiteley et al. 2003).  In addition, 
migratory bull trout are larger and more fecund than their resident counterparts.  The greater 
reproductive capacity of migratory bull trout is also thought to provide an important 
contribution to the abundance and long-term persistence of local populations (Rieman and 
McIntyre 1993).  In addition, migrations facilitate gene flow among local populations when 
individuals from different local populations interbreed or stray to non-natal streams.  Dams, 
irrigation diversions, and other waterway alterations have interrupted bull trout migration.  
Dams need adequate fish passage to maintain populations with migratory life histories that 
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may otherwise switch to resident life histories if appropriate habitat conditions are not 
available.  Without fish passage, dams may isolate upstream and downstream bull trout 
populations or limit them exclusively to one or the other. 

An adequate prey base is another essential component for bull trout conservation.  Bull trout 
are described as having voracious appetites, which makes them vulnerable to angling injury 
or mortality (Post et al. 2003).  Fish are considered to be the major item in the diet of large 
bull trout.  They feed primarily along the bottom and mid-water levels, consuming insects 
and other fish species such as suckers, sculpins, minnows, and trout (Pratt 1992).  Mountain 
whitefish and kokanee salmon are two of the bull trout’s preferred prey (Fraley and 
Shepard 1989; Vidergar 2000). 

Appropriate habitat conditions are also essential for bull trout survival.  Bull trout have more 
specific habitat requirements than other native trout species, mainly because they require 
water that is especially cold with clean cobble or gravel size substrate for spawning and 
development of embryos and alevins.  Available overwintering habitat, bank stability, winter 
precipitation, drought, substrate type, available cover, cold water temperature, and the 
presence of migration corridors consistently appear to influence bull trout distribution and 
abundance (see Allan et al. in Batt 1996; Dunham and Rieman 1999; Salow 2001; Salow and 
Cross 2003).  Reductions in road construction for timber harvest and fire control measures 
are needed since they lead to increased siltation, channelization, and loss of habitat 
complexity and may have lead to historical declines in bull trout. 

Conservation of bull trout is also dependent on protecting bull trout genetic diversity and 
phenotypic adaptation within each distinct population segment and spreading or reducing the 
risk of extinction through the maintenance of multiple populations across the range.  
Retaining a species’ genetic variation is important because this variation allows populations 
to adapt to changing environmental conditions over short (inter-generational) and long 
(evolutionary) time frames (Allendorf and Leary 1986) and is the basis for maintaining a 
species’ evolutionary legacy, including its geographical distribution, and morphological, 
physiological, and life-history variation (Allendorf et al. 1997). 

Loss of genetic variation negatively affects the development, growth, fertility, and disease 
resistance of fishes.  This loss of variation may also reduce fitness and preclude adaptive 
change in populations (Frankham 1995) or affect the species’ ability to recover from 
disturbance events (Rieman et al. 1997).  Genetic variation needs to be preserved in order to 
increase the likelihood of a species survival (Allendorf and Leary 1986), and maintaining 
genetic variation within populations should be a primary goal of conservation and management 
of species (Wang et al. 2002), bull trout included.  In general, an effective population size (Ne) 
of 50 is necessary to avoid inbreeding depression, and a Ne of 500 is necessary to avoid the 
loss of genetic and phenotypic variation through genetic drift over the long term.  However, 
Rieman and Allendorf (2001) found that populations with a Ne of 500 may still lose genetic 
variation over the long term (200 years) and recommended that long-term management goals, 
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where appropriate, include populations with at least 1,000 spawning adults each year.  Bull 
trout populations on the margin of the species’ range may be adapted to unique environments 
and may represent a disproportionate part of the total diversity within the species, although the 
importance of this in a given population is affected by gene flow, generational time, life 
history, and ecological conditions (Rieman et al. 1997; Lesica and Allendorf 1995). 

The preceding section, “Status and Distribution,” describes new scientific information 
indicating that Conservation Units (as described in Whitesel et al. 2004) may be the most 
accurate representation of the evolutionary lineage and genetic structure of populations of 
bull trout (see Spruell et al. 2003; Whitesel et al. 2004).  Each Conservation Unit across the 
range of bull trout contains an environmental template that allows the full expression of 
genotypic, phenotypic, and spatial diversity among bull trout populations.  The conservation 
of this template will help ensure resilience and persistence of the species when environmental 
changes occur.  To ensure the evolutionary persistence of bull trout within a Conservation 
Unit, Whitesel et al. (2004) suggested that an effective population size of at least 5,000 is 
necessary.  They also suggested that conservation of the species within a Conservation Unit 
is necessary to ensure the evolutionary persistence of the species as a whole.  This represents 
the most recent scientific information available regarding appropriate conservation units for 
bull trout.  In this Opinion, the Service will consider effects to bull trout within the Snake 
River Conservation Unit and the subsequent relationship to the larger Columbia River 
distinct population segment. 

A related conservation need of the species involves the development of conservation 
assessments and prioritization of populations for management and conservation actions 
across the range (see Epifanio et al. 2003; Allendorf et al. 1997).  Currently, work has not 
been completed range-wide to describe the conditions affecting individual populations or 
metapopulations, the risk of local extinction, or the ecological and evolutionary importance 
of metapopulations or river basins to the larger Conservation Units or to the Columbia River 
distinct population segment.  Because bull trout are a wide-ranging species, and scientific, 
financial, and human resources are limited, it is likely an unrealistic goal to treat and 
conserve all populations equally (Epifanio et al. 2003).  Prioritizing areas or populations for 
protection should consider the risk of extinction, any potentially unique genetic or 
phenotypic expressions, including habitat usage and life history, and evolutionary and 
ecological legacy (Allendorf et al. 1997).  Epifanio et al. (2003) described six strategies that 
could be used to prioritize bull trout populations based on the factors described above.  The 
prioritization of bull trout populations would help ensure that those populations with 
disproportionately high conservation value are more strictly managed to ensure their 
persistence, and that over the long term, the fullest range of ecological and evolutionary 
characteristics is conserved.  These activities would provide a better mechanism for 
protecting the long-term viability of bull trout populations. 
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Prevention of human-caused mortality is another conservation need for bull trout.  Adequate 
angler education and enforcement of existing fishing regulations are necessary to reduce both 
unintentional angler mortality and poaching. 

II. Environmental Baseline 
Regulations implementing the Act (50 CFR §402.02) define the environmental baseline as the 
past and present impacts of all Federal, State, or private actions and other human activities in the 
action area.  The environmental baseline also includes the anticipated impacts of all proposed 
Federal projects in the action area that have already undergone section 7 consultations, and the 
impacts of state and private actions that are contemporaneous with the consultations in progress. 

A. Status of the Species in the Action Area 

Bull trout within the action area are located in the Boise, Payette, Malheur, and Powder River 
basins, and in the mainstem Snake River downstream from Brownlee Dam.  Many bull trout 
populations in the Boise, Payette, and Malheur River basins have developed life history 
strategies associated with Reclamation facilities (adfluvial form), although it is not known to 
what degree this has altered the productivity and diversity of existing populations.  Resident 
populations of bull trout also occur in tributaries to the mainstem rivers affected by the action 
(e.g., Deadwood River).  In the Boise River basin, Reclamation and Corps dams have 
constrained bull trout movement patterns within the larger stream network, and this has 
resulted in discontinuities in genetic factors related to dispersal and gene flow (Whiteley et 
al. 2003).  Populations in the Powder River basin, and some populations in the other basins, 
consist primarily or exclusively of resident bull trout, which use headwater streams and 
tributaries year-round and do not migrate seasonally. 

The action area lies entirely within the Snake River Conservation Unit (Spruell et al. 2003; 
Whitesel et al. 2004).  The proposed action will affect bull trout in 3 of 15 watersheds:  the 
Boise, Payette, and Malheur River basins.  The Boise and Malheur River basins are on the 
extreme southern edge of the Snake River Conservation Unit (excepting the Jarbidge River 
basin).  Bull trout populations on the margin of the species’ range may be adapted to unique 
environments and may represent a disproportionate part of the total diversity within the 
species (Rieman et al. 1997; Lesica and Allendorf 1995), although we do not have 
information regarding the specific role of these populations in conserving the Snake River 
Conservation Unit.  Spruell et al. (2003) found that the Boise, Malheur, and Jarbidge River 
basins formed a discrete genetic cluster compared to other river basins within the 
Conservation Unit, indicating a similar evolutionary lineage. 

Figure 18 shows the known bull trout distributions and upstream migratory, spawning, and 
rearing habitats in the middle Snake River basin.  The following sections describe the current 
known distribution of bull trout in the action area by river basin. 
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1. Boise River Basin 

Bull trout in the Boise River basin occur in three general areas:  Arrowrock and Lucky Peak 
Reservoirs and the Middle and North Fork Boise Rivers, the South Fork Boise River below 
Anderson Ranch Dam, and Anderson Ranch Reservoir and the South Fork Boise River 
upstream.  Resident populations of bull trout occur in several tributaries to the Middle and 
North Fork Boise Rivers upstream from Arrowrock Reservoir, as well as in tributaries to the 
South Fork Boise River upstream and downstream from Anderson Ranch Reservoir.  Some 
of these resident populations are considered relatively strong (e.g., Blackwarrior Creek, 
Queens River, upper North Fork Boise River, and Sheep Creek) (Burton 1999a and Burton 
and Erickson 1999b in Service 2002).  Reclamation’s actions in downstream reservoirs 
would not cause major adverse effects. 

Bull trout that overwinter below Anderson Ranch Dam and those that overwinter in 
Arrowrock Reservoir both migrate upstream into the Middle and North Fork Boise Rivers 
and tributaries to spawn (Flatter 1999; Salow and Hostettler 2004).  As a whole, the Boise 
River basin represents a large interconnected network of bull trout habitat on the extreme 
southern limit of the species’ range (Whiteley et al. 2003). 

In the Boise River basin, adfluvial bull trout associated with Reclamation facilities have been 
documented to reside primarily in reservoirs and controlled rivers from November to June; 
however, fish have been documented to spend as much as 20 continuous months within these 
areas before returning upstream to headwater streams to spawn (Salow and Hostettler 2004).  
They remain in spawning habitats generally until the first week of September when they 
begin the downstream migration after spawning to the mainstem river and enter reservoirs 
before December (Salow and Hostettler 2004).  Migratory juvenile bull trout may remain in 
the upper watersheds for 1 to 4 years before migrating to larger streams and reservoirs 
(Fraley and Shepard 1989).  Some bull trout remain in mainstem regulated rivers and 
occasionally move into reservoirs during the summer months.  This migration may be in part 
to avoid high summertime water temperatures or insufficient water levels in some areas 
(Salow and Hostettler 2004). 

Whiteley et al. (2003) found low levels of genetic variation (including mean expected 
heterozygosity and number of alleles) in the Boise River basin relative to other bull trout 
populations.  They suggested that this may be related to small population size and the effects 
of frequent disturbance (e.g., frequent fire, flooding, and drought-related water conditions) 
within the system.  Additionally, because the Boise River basin is in the southern extreme of 
the species’ range, water temperatures throughout the system may result in more patchy and 
dynamic habitats than those found in other areas (Rieman and McIntyre 1995; Rieman et al. 
1997).  Within the Snake River Conservation Unit, Spruell et al. (2003) found that bull trout 
from the Boise River basin were most closely genetically related to bull trout in the North 
Fork Malheur and Jarbidge River basins, which formed a genetic group discrete from other 
drainages in the unit.  Bull trout in the Mores Creek watershed, a tributary of Lucky Peak 
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Reservoir, were most likely offspring of entrained bull trout that passed through Arrowrock 
Dam into Lucky Peak Reservoir from the North Fork and Middle Fork Boise Rivers 
(Whiteley et al. 2003). 

Arrowrock and Lucky Peak Reservoirs, North Fork and Middle Fork Boise Rivers, and 
Mores Creek 

Arrowrock Reservoir is an important overwintering and foraging area for an adfluvial 
population of migratory bull trout.  Subadults and adults migrate into Arrowrock Reservoir 
from upstream North Fork and Middle Fork Boise River tributaries.  The reservoir serves as 
important habitat from late September and October through late spring and early summer 
(upstream migrations out of the reservoir occur between late March and mid-June), with a 
small number of fish that remain in the reservoir and mainstem South Fork Boise River 
downstream from Anderson Ranch Dam over the entire summer (Salow and 
Hostettler 2004).  Most bull trout migrate from Arrowrock Reservoir to upstream tributaries 
from March through June where they presumably find summer refuge habitat and foraging 
areas prior to their spawning period in the late summer (T. Salow, pers. comm., 2005a). 

The Boise River basin has been surveyed extensively for bull trout.  The Boise National 
Forest and Reclamation conducted habitat and abundance surveys for bull trout throughout 
the Mores Creek, Middle Fork, and North Fork Boise River watersheds from 1999 through 
2003 (Salow and Cross 2003; Salow 2004c).  Greatest densities of bull trout were found in 
headwater streams of the North Fork Boise River including McLeod, McPhearson, 
Ballentyne, and Big Silver Creeks and upper Crooked River (see Figure 22).  Bull trout were 
also found in high numbers in the Middle Fork Boise River, the Queens and Little Queens 
Rivers, Black Warrior, Bald Mountain, Sheep, and Decker Creeks (see Figure 23 and Rieman 
et al. 1997). 

A small population of bull trout was found in 2000 and 2001 in Mores Creek, the main 
tributary to Lucky Peak Reservoir.  However, subsequent surveys have not documented bull 
trout presence there (Reclamation 2004b).  Bull trout are entrained through or over 
Arrowrock Dam into Lucky Peak Reservoir.  They are not able to move back above 
Arrowrock Dam, and there are no fish passage facilities.  Bull trout have been captured in gill 
nets in Lucky Peak Reservoir under a trap-and-transport program that was initiated in 2000 
for the Arrowrock Dam valve replacement project (Salow 2005).  Analysis of population 
structure through use of microsatellite loci was inconclusive as to whether bull trout rearing 
in Mores Creek were genetically distinct from other populations upstream from Arrowrock 
Dam, although heterozygosities were higher than would be expected if the population was 
completely isolated (Whiteley et al. 2003).  Based on that information, it is likely that these 
fish are offspring of bull trout entrained through Arrowrock Dam that use the Mores Creek 
area for spawning and rearing habitat because this is the only potentially suitable habitat 
available.  Given the lack of any additional information, it is difficult to determine if a bull 
trout local population can persist in upper Mores Creek. 
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Figure 22.  Distribution and abundance of bull trout within the North Fork Boise River 
watershed found during surveys from 1999 to 2002 (Salow and Cross 2003). 

 
Figure 23.  Distribution information for bull trout within the Middle Fork Boise River 
watershed from electrofishing sampling from 2001 to 2003 (Salow 2004c). 
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Weir count data are being used to generate population estimates for adult adfluvial bull trout 
that overwinter in Arrowrock Reservoir and the South Fork Boise River below Anderson 
Ranch Dam.  Reclamation operates weir traps on the North Fork and Middle Fork Boise 
Rivers to capture post-spawning adult bull trout and juvenile migrants returning to 
Arrowrock Reservoir.  Reclamation first operated the North Fork Boise River weir in 1999 
and first operated the Middle Fork Boise River weir in 2002.  Reclamation has operated the 
weirs in conjunction with the Arrowrock Dam valve replacement work and will continue 
through 2005 to monitor the bull trout population.  The data indicate a declining trend for the 
Boise River adult adfluvial population of bull trout (see Table 18). 

Table 18.  North Fork Boise River weir trap adult bull 
trout captures from 1999 to 2004 (Salow 2004b). 

Year Number of Fish Captured 1 
1999 109 
2000 161 
2001 157 
2002 109 
2003 67 
2004 32 

1. Fish counted if total length exceeded 300 millimeters. 

South Fork Boise River Downstream from Anderson Ranch Dam 

The Idaho Department of Fish and Game conducted electrofishing surveys during the fall in 
1993, 1994, and 1997 to assess the health and abundance of the South Fork Boise River 
fishery downstream from Anderson Ranch Dam.  They captured small numbers of bull trout 
during these surveys.  It is not known whether these bull trout were adfluvial (migrating up 
the South Fork Boise River from Arrowrock Reservoir), fluvial (residing in the South Fork), 
or entrained (passed through Anderson Ranch Dam).  However, based on data collected in 
subsequent telemetry studies, it is presumed these fish originated in the North Fork and 
Middle Fork Boise Rivers. 

Salow and Hostettler (2004) found, using radiotelemetry studies from 2001 to 2003, that bull 
trout used the South Fork Boise River downstream from Anderson Ranch Dam year-round as 
both overwintering and summer rearing habitat.  Spawning within the mainstem river has not 
been documented, but a resident population of bull trout exists in Rattlesnake Creek, which is 
a tributary to the South Fork Boise River (Flatter 1999).  Approximately 50 percent of the 
radio-tagged bull trout from the Middle and North Fork Boise Rivers enter the South Fork 
Boise River each fall for some period of the winter.  During the study, two fish remained 
within the South Fork or moved between the South Fork and Arrowrock Reservoir 
throughout the following summer (Salow and Hostettler 2004). 
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Anderson Ranch Reservoir and South Fork Boise River upstream from Anderson 
Ranch Reservoir 

The Idaho Department of Fish and Game, with Reclamation assistance, completed a 
radiotelemetry study and population estimate of bull trout in Anderson Ranch Reservoir from 
1998 to 1999.  The study found that Anderson Ranch Reservoir bull trout left the reservoir in 
May and June and spawned in the upper South Fork Boise River tributaries (Partridge et 
al. 2001); this migratory behavior is similar to Arrowrock Reservoir bull trout.  The bull trout 
estimate in Anderson Ranch Reservoir from 1999 to 2000 was 368 individuals over 
300 millimeters in length (Partridge et al. 2001).  Using this number, we could estimate an 
effective population size between 184 and 368 fish (Rieman and Allendorf 2001) at that time, 
indicating that inbreeding is not likely having immediate deleterious effects on the 
population, but genetic variation may be lost over the longer term (e.g., 200 years) (Rieman 
and Allendorf 2001). 

Thirty-seven of 57 radio-tagged bull trout were observed moving out of the Anderson Ranch 
Reservoir between May and June (Partridge et al. 2001).  Several of the remaining 20 radios 
were later recovered along the reservoir shoreline.  It is not known how many of these radios 
were removed by anglers following fish mortality or how many may have been otherwise 
shed by the bull trout without mortality.  At least 10 of these 20 tagged fish were documented 
in Anderson Ranch Reservoir during the months from July to September with some 
movement between detections (Partridge et al. 2001), indicating that they likely spent some 
portion of that period oversummering in the reservoir. 

The Idaho Department of Fish and Game and Reclamation participated in a second 
radiotelemetry study in the spring of 2002 using temperature-depth archival tags in 
conjunction with radio tags to examine overwintering reservoir habitat use, movement, and 
entrainment.  The agencies found no entrainment during the study.  Unfortunately, the 
temperature-depth tags did not remain attached to these fish, and therefore, data could not be 
collected. 

The Fairfield Ranger District of the Sawtooth National Forest has also investigated densities 
and distribution within the eastern section of the South Fork Boise River drainage 
(Kenney 2003).  A total of 283 bull trout were sampled in the Boardman Creek drainage, and 
93 bull trout were sampled in the Skeleton Creek drainage.  More than 70 percent of the bull 
trout sampled in these drainages were shorter than 150 millimeters in length, and less than 
5 percent were greater than 200 millimeters in length.  Using multiple pass depletion 
methods for population estimation, population size was interpolated and expanded to the 
unsampled reaches of the monitored streams.  A total bull trout population in excess of 6,200 
(about 1,600 greater than 150 millimeters in length) was calculated for the Boardman Creek 
drainage prior to 2002 spawning.  The comparable estimate for the Skeleton Creek drainage 
was about 2,200 (about 700 greater than 150 millimeters in length). 
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Weirs with trap boxes operated from late August through late October 2003 captured 
85 outmigrating bull trout at the Boardman Creek weir and 69 outmigrating bull trout at the 
two Skeleton Creek weirs.  Nearly all bull trout trapped were traveling downstream.  Only 
one of the bull trout captured at the weirs was less than 150 millimeters in length, but only 
9 bull trout were greater than 300 millimeters total length.  For the three weir sites combined, 
77 percent of the downstream migrants were from 175 to 249 millimeters in length 
(Kenney 2003). 

Spawning and rearing bull trout populations have been documented in the headwater streams 
above Anderson Ranch Reservoir.  Tributaries throughout the North Fork and Middle Fork 
Boise Rivers and the South Fork Boise River upstream from Anderson Ranch Dam were 
surveyed in 2001 to analyze habitat and determine abundance and genetic structure of bull 
trout.  Bull trout in the South Fork Boise River upstream from Skeleton Creek were found to 
be genetically different from bull trout in the remainder of the Boise River basin.  Two 
hypotheses may explain this difference:  the founding population for this group of fish 
originated in the Salmon River watershed and was colonized at a different time, or the Upper 
South Fork (Big Smoky Creek watershed) may have been isolated from the remainder of the 
system for some time prior to the construction of Anderson Ranch Dam by landslides similar 
to what has been documented in the Salmon River through geologic time (Whiteley et 
al. 2003).  Skeleton Creek fish (upstream from Anderson Ranch Dam) had alleles found in 
North and Middle Fork populations but were not closely related in genetic distance (Whiteley 
et al. 2003). 

2. Payette River Basin 

Bull trout in the Payette River basin are known to occur in the Deadwood River, South Fork 
Payette River, North Fork Payette River, and Squaw Creek drainages.  Squaw Creek is a 
major tributary to the Payette River and enters into Black Canyon Reservoir.  Bull trout 
populations are only known from the headwater areas of Squaw Creek and its tributaries.  
The lower portion of Squaw Creek above the reservoir is not considered suitable habitat for 
bull trout.  Operations at Black Canyon Dam are not expected to affect bull trout, and this 
Opinion will not consider these areas further.  Bull trout in the South Fork Payette River 
drainage occur well upstream from the confluence of the South Fork Payette River and the 
Deadwood River; Reclamation’s operations do not affect these populations, and these 
populations will not be considered further in this Opinion. 

One population of bull trout is known to exist in the North Fork Payette River system, in 
Gold Fork Creek upstream from Lake Cascade (Apperson 2002).  This population is very 
small, and private diversions without fish passage limit the population’s access to Lake 
Cascade.  Although the Gold Fork Creek population is mostly isolated, bull trout could 
potentially move over the diversion and use Lake Cascade as overwintering habitat.  This has 
only been incidentally documented; bull trout are not thought to regularly use Lake Cascade 
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for overwintering habitat.  This Opinion will not further consider bull trout from the Gold 
Fork Creek population. 

Bull trout occur in the upper South Fork Payette River basin upstream from the confluence of 
the Deadwood River with the South Fork Payette River (see Service 2002).  Many of these 
populations are composed primarily of resident fish, although migratory fish are also thought 
to exist (Jimenez and Zaroban 1998).  We do not have current abundance estimates for these 
populations; estimates from 1999 indicated numbers ranging from 224 fish (Middle South 
Fork Payette River) to 2,653 fish (Canyon Creek) (Burton and Erickson 1999a in 
Service 2002).  The proposed action will not affect these populations because they occur 
upstream from the confluence of the Deadwood and South Fork Payette Rivers. 

Bull trout also occur in the Middle Fork Payette River basin, which flows into the South Fork 
Payette River downstream from the confluence of the Deadwood and South Fork Payette 
Rivers.  Bull trout occur primarily in the upper portions of the watershed, including the upper 
Middle Fork Payette River, Bull Creek, and Sixteen to One Creek (Newberry 2002 in 
Service 2002).  Most of these fish are assumed to be resident, although bull trout have been 
documented in the lower reaches of the Middle Fork Payette River, indicating the potential 
for a migratory form (Burton 2000a in Service 2002).  No bull trout from these populations 
have been documented in the South Fork Payette River, and Reclamation’s proposed action 
will not likely affect them. 

Deadwood River and Deadwood Reservoir 

Reclamation and the U.S. Forest Service have recently used multiple-pass electrofishing and 
stream habitat surveys to identify populations of bull trout in several tributaries throughout 
the Deadwood River basin (see Figure 24).  Most populations are composed of small bull 
trout that appear to be resident.  Although bull trout larger than 300 millimeters total length 
have been encountered in the mainstem Deadwood River and within the mouths of tributary 
streams, they appear to be extremely rare in the headwaters (Salow 2003b). 

The adfluvial population of bull trout that uses Deadwood Reservoir appears to have 
significantly lower densities relative to historical conditions.  Small numbers of bull trout 
greater than 300 millimeters in total length were sampled in gill net surveys of Deadwood 
Reservoir.  In 1997, the Idaho Department of Fish and Game initiated bull trout studies at 
Deadwood Reservoir to determine the distribution and abundance of the adfluvial bull trout.  
Results from this study showed that bull trout were extremely difficult to capture, likely due 
to a combination of low densities of bull trout and a large sampling area in the reservoir.  
Only ten fish were caught in trap and gill nets and four were fitted with radio transmitters.  
Due to the small sample size, no conclusions could be made on the size, condition, or 
movement of bull trout in Deadwood Reservoir and its tributaries (Allen 1998). 

Resident populations of bull trout exist in the Deadwood River drainage upstream from 
Deadwood Reservoir (e.g., Trail Creek, Deer Creek, and the upper Deadwood River).  Recent 
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abundance estimates are not available; 
Burton (1999b in Service 2002) 
estimated that 1,160 bull trout resided in 
the Deadwood River drainage upstream 
from Deadwood Dam. 

Limited data exist to document 
distribution of fluvial bull trout within 
the Deadwood River downstream from 
Deadwood Dam (Allen 1998).  The 
Idaho Department of Fish and Game 
conducted survey work in the summer of 
1998 in the Deadwood River 
downstream from Deadwood Dam to 
better determine the presence of bull 
trout and the condition of the habitat in 
that stream reach between the dam and 
the South Fork Payette River, but no 
bull trout were found (Allen 1998).  
Large bull trout have been reported as 
captured by anglers immediately 
downstream from Deadwood Dam in 
October and in the South Fork Payette 
River below the confluence of the 
Deadwood River in June 
(Reclamation 2004b).  Scott and Warm 
Springs Creeks, tributaries to the 
Deadwood River downstream from 
Deadwood Dam, support strong 
numbers of bull trout (Burton and 
Erickson 1999a in Service 2002), 
although it is not known to what extent 
they may use the mainstem Deadwood 
River.  Based on the information 
presented above, the Service concludes 
that bull trout likely occur in depressed 
numbers in the Deadwood River below Deadwood Dam. 

3. Weiser River Basin 

Several tributaries of the Weiser River have been documented to have bull trout; however, 
the proposed action does not affect these drainages and will not be further considered in this 
Opinion. 

 
Figure 24.  Distribution information for bull trout 
within the Deadwood River basin (Salow 2003b). 
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4. Malheur River Basin 

The Malheur River basin includes both the mainstem Malheur and North Fork Malheur 
Rivers.  Current bull trout distribution includes the North Fork Malheur River subbasin 
(including Beulah Reservoir) and the upper mainstem Malheur River and tributaries 
upstream from Drewsey.  The Malheur River basin includes two separate bull trout 
populations, one in the North Fork Malheur River upstream from Agency Valley Dam, and 
one in the mainstem Malheur River upstream from Warm Springs Dam.  The dams do not 
have fish passage facilities and geographically isolate the two populations.  These 
populations are considered weak and at increased risk (Service 2002).  Elevated stream 
temperatures, low streamflows, low reservoir volumes, and a lack of fish passage facilities at 
irrigation diversions (Northwest Power and Conservation Council 2002) limit bull trout in the 
mainstem Malheur River from Bluebucket Creek to Warm Springs Reservoir (a distance of 
about 45 miles). 

Genetic studies have been conducted on bull trout in the Malheur River basin (e.g., Spruell et 
al. 2003 and Spruell and Allendorf 1997).  Spruell et al. (2003) found that samples taken 
from the North Fork Malheur River basin were more closely related to bull trout in the Boise 
and Jarbidge River basins than bull trout in the upper Malheur River basin.  Bull trout from 
the North Fork Malheur, Boise, and Jarbidge River basins formed a discrete genetic cluster 
compared to other river basins within the Snake River Conservation Unit, indicating a similar 
evolutionary lineage. 

North Fork Malheur River 

Bull trout spawning and rearing in the North Fork Malheur River occur in the mainstem and 
tributaries upstream from Crane Crossing (approximately 22 miles upstream from Beulah 
Reservoir).  Results from studies of radio-tagged fish (18 tagged in Beulah Reservoir in 
1999) showed bull trout moved upstream from overwintering areas in Beulah Reservoir into 
the North Fork from mid-April until late May in 1999 (Schwabe et al. 2000), and in 2000, 
some were observed in the river by mid-March (Schwabe et al. 2001).  By June, tagged fish 
were well distributed in the North Fork Malheur River between Beulah Reservoir and the 
spawning areas.  By early August, the majority of tagged fish had moved upstream from the 
Crane Creek confluence (RM 42.8), and some had moved into spawning tributaries by mid-
July.  The peak for migration into spawning tributaries occurred by mid to late-August.  The 
peak in adult downstream migration from spawning tributaries occurred in late September, 
and bull trout returned to the reservoir between late October and mid-December (Schwabe et 
al. 2000, 2001). 

Bull trout are known to overwinter in Beulah Reservoir.  Some bull trout become entrained 
below Agency Valley Dam during flood control operations or the irrigation season.  This 
dam has no upstream fish passage facility, and these fish are considered lost to the rest of the 
population above the dam.  The extent of bull trout use and survival in the mainstem North 
Fork Malheur River downstream from Agency Valley Dam is unknown.  During the 1999 
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study, five bull trout captured in the tailrace were fitted with radio tags and released below 
the dam.  Most of the radio-tagged bull trout stayed within 1 mile of the dam during the study 
period (Schwabe et al. 2000).  Flows from Agency Valley Dam into the North Fork Malheur 
River are reduced to 0 cfs following the irrigation season, and it is likely that any bull trout 
present in this stretch will perish due to lack of habitat and prey availability or as a result of 
depredation. 

Based on data collected since 1992, bull trout spawning begins in late August and peaks in 
September.  Redds have been observed as late as November (Schwabe et al. 2000).  
Spawning has been documented in the mainstem North Fork Malheur River upstream from 
the mouth of Deadhorse Creek and in the following tributaries:  Horseshoe Creek, Swamp 
Creek, Sheep Creek, Elk Creek, Crane Creek, and Little Crane Creek.  Bull trout have been 
observed in Cow Creek during spawning surveys, but thus far, biologists have been unable to 
locate any bull trout redds (Schwabe et al. 2000). 

Redd counts in the North Fork Malheur River from 1992 through 2000 generally increased 
with declines observed starting in 2001 (R. Perkins, in litt., 2005; Schwabe et al. 2003) (see 
Table 19).  The number of adult bull trout observed during redd counts has substantially 
decreased from 272 in 2000 to 17 in 2004 (R. Perkins, in litt., 2005). 

Subadult rearing and adult foraging occur from the headwaters of the North Fork Malheur 
River down to, and in, Beulah Reservoir. 

Table 19.  Bull trout redd counts in the North Fork Malheur River 
watershed from 1992 to 2003 (Schwabe et al. 2003). 

Year Redds Reach Length 
(miles) 

Redds per 
Mile 

Population 
Estimate 

1992 2 9.2 0.2  
1993 8 28.2 0.3  
1994 13 24.1 0.5  
1995 9 24.0 0.4  
1996 38 22.3 1.7 80 
1997 64 17.6 3.6 134 
1998 74 22.6 3.3 115 
1999 115 22.3 5.1 242 
2000 150 22.3 6.6 321 
2001 125 21.5 5.3 263 
2002 99 15.4 6.4 208 
2003 63 15.4 4.1 126 
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Mainstem Malheur River 

Bull trout spawning and juvenile rearing occurs in the mainstem Malheur River and 
tributaries upstream from the confluence of Big Creek.  Streams where redds have been 
identified include Snowshoe Creek, Meadow Fork Big Creek, Lake Creek, Summit Creek, 
and Big Creek, although brook trout account for some of the redds in Big Creek, Lake Creek, 
and Summit Creek.  Timing of bull trout spawning in the mainstem Malheur River 
population is similar to what has been observed in the North Fork Malheur River population 
with the peak occurring in mid-September.  Data collected in 1999 showed that 40 percent of 
redds were counted before September 15.  These redds were assumed to be bull trout redds 
because they occurred in streams where most of the bull trout were observed, although brook 
trout were also present during surveys (Schwabe et al. 2000).  Schwabe et al. (2003) found 
that bull trout redds observed during redd counts declined from 270 in 2001 to 48 in 2002. 

Bull trout occur in several headwater tributaries and in the Malheur River as far downstream 
as Bluebucket Creek.  Limited historical and recent radiotelemetry documentation (Schwabe 
et al. 2001) showed subadult rearing and adult foraging occurring downstream to the vicinity 
of Hog Flat (RM 178).  It is possible that fish forage as far downstream as Warm Springs 
Reservoir during winter, although bull trout have not been documented in Warm Springs 
Reservoir.  Bull trout use in the Malheur River from Bluebucket Creek to Warm Springs 
Reservoir (a distance of about 45 miles) is limited; however, one radio-tagged fish was 
located at the mouth of Wolf Creek (approximately 7 miles downstream from Bluebucket 
Creek) in April 2002 (Schwabe et al. 2003). 

5. Powder River Basin 

Current distribution of bull trout in the Powder River basin is in two headwater tributaries of 
the Powder River in the Elkhorn Mountain range; one local population is located 8 to 
17 miles upstream from Phillips Lake, and the other 20 to 25 miles upstream from Thief 
Valley Reservoir.  All bull trout inhabiting the Powder River basin are thought to be resident 
fish (Service 2002).  To date, no bull trout have been documented in either Phillips Lake or 
Thief Valley Reservoir (Buchanan et al. 1997; Schwabe et al. 2003).  Historical dredge 
mining along most of the Powder River upstream from Phillips Lake severely degraded 
habitats in those reaches; this likely limits the current bull trout distribution to the headwater 
tributaries (Service 2002). 

6. Snake River from Brownlee Reservoir to the Columbia River and the Columbia 
River below the Snake River Confluence 

Historically, the mainstem Snake River served as a migratory corridor for anadromous 
salmonids, including steelhead and Chinook, that were documented throughout the Owyhee, 
Malheur, Weiser, Payette and Boise River drainages in the 1800s and 1900s (Pratt et 
al. 2001; Welsh et al. 1965).  Bull trout also used the area Brownlee Reservoir currently 
inundates.  Bull trout were reported in creel records from Brownlee Reservoir before and 
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after the dam’s completion in 1959.  Although bull trout are not currently known to occur in 
or use Brownlee Reservoir, it is likely that bull trout would use the reservoir as overwintering 
habitat if migratory individuals become reestablished in the Weiser River drainage. 

Currently, the mainstem Snake River, specifically downstream from the Weiser River within 
the Southwest Idaho Recovery Unit, may have the potential to function as both migratory and 
overwintering habitat for bull trout.  However, the extent and nature of bull trout use, as well 
as the quality of habitat provided by the reservoirs on the mainstem Snake River, are not well 
understood.  To function as migratory habitat, the mainstem Snake River and reservoirs must 
provide holding water with adequate temperature, depth, and cover to ensure successful bull 
trout movement.  To function as overwintering habitat, the mainstem Snake River and 
reservoirs must also provide sufficient forage for bull trout to either maintain or gain mass. 

Information about the use of the mainstem Snake River by bull trout from the Weiser River 
drainage (the only major river that lacks large dams) has been identified as a research need in 
the Southwest Idaho Recovery Unit.  Habitat conditions in lakes and reservoirs can determine 
the relative availability of bull trout forage and may mediate interactions of bull trout with 
potential competitors, predators, or prey in complex and lake/reservoir-specific ways 
(Montana Bull Trout Scientific Group 1998).  Relationships between depth distributions of 
potential forage and bull trout habitat use have not been thoroughly investigated in Brownlee 
Reservoir and the mainstem Snake River upstream.  These interactions are likely important in 
determining whether Brownlee Reservoir and the mainstem Snake River could provide 
suitable bull trout foraging and overwintering habitat in the future.  Further investigation is 
needed to determine if bull trout from the Weiser River could use Brownlee Reservoir as 
foraging, migrating and overwintering habitat in a recovered condition. 

Bull trout currently occur in Oxbow Reservoir, the Oxbow Bypass Reach, and Hells Canyon 
Reservoir (Chandler 2003).  No bull trout have been documented above Brownlee Dam 
(Chandler 2003).  Bull trout occur in several tributaries to the Hells Canyon Projects, 
including the Wildhorse River, Indian Creek, and Pine Creek; they also occur in the 
mainstem Snake River below Hells Canyon Dam. 

B. Factors Affecting Species Environment within the Action Area 

There are numerous natural and anthropogenic influences on bull trout in the action area.  
Although some restoration actions and ongoing research efforts have positively affected bull 
trout, the majority of anthropogenic influences have contributed to the species decline by 
reducing bull trout numbers, reproduction, and distribution.  Factors affecting the species 
within the action area include migration barriers; diversions; water, forestry, and past sport 
fisheries management practices; habitat fragmentation and degradation through grazing and 
road construction; reduced water quality from development, road construction, and mining; 
and introduction of non-native competitive species (Service 2002). 
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The Service (1999a, 2002) determined that the Reclamation facilities that affect bull trout 
within the action area include Arrowrock, Anderson Ranch, Deadwood, and Agency Valley 
Dams.  Winter pool content is an important habitat factor for bull trout at Arrowrock, 
Anderson Ranch, Deadwood, and Beulah Reservoirs.  This consultation also considers 
Reclamation operations that control the conveyance and storage of irrigation water at Lucky 
Peak Dam and Reservoir.  Construction and operation of these facilities have modified 
streamflows, changed stream temperature regimes, blocked migration routes, entrained bull 
trout, and changed bull trout forage bases.  None of these facilities has fish passage, and they 
function as barriers to upstream and downstream fish migration.  Though little information is 
known about the extent of the impacts to historical migration of bull trout from these 
facilities, populations of bull trout have been found upstream, downstream, or adjacent to 
these facilities. 

1. Boise River Basin 

The Service’s draft bull trout recovery plan (2002) identified several categories of activities 
that have affected bull trout in the Boise River basin.  These include:  dams, forest 
management practices, livestock grazing, agricultural practices, transportation networks, 
mining, residential development and urbanization, and fisheries management.  For this 
Opinion, we briefly discuss all factors that affect bull trout but focus primarily on conditions 
related to Reclamation’s water operations because they are arguably the most influential to 
bull trout population numbers and dynamics in the basin. 

Arrowrock and Lucky Peak Reservoirs, North Fork and Middle Fork Boise Rivers, and 
Mores Creek 

Arrowrock and Lucky Peak Dams have no provisions for either upstream or downstream fish 
passage, and they have eliminated migratory fish access to lower portions of the Boise River 
basin.  Conversely, habitat created in the reservoir by Arrowrock and Lucky Peak Dams 
facilitates the expression of adfluvial life histories (Service 2002). 

Reclamation begins releasing water for irrigation from Arrowrock Reservoir in April; 
reservoir drafting begins in June in normal water years.  The reservoir may be drafted to 
10,000 acre-feet in dry years.  In the past ten years, the reservoir volume has fallen below the 
conservation pool of 28,700 acre-feet three times, during the falls of 1994 and 1999 due to 
drought conditions, and during the fall of 2003 for construction associated with the 
Arrowrock Dam valve replacement.  All reservoir storage, with the exception of a small 
volume of dead space created by retirement of the sluice gates in 2004, is usable for 
irrigation and flood control.  The lower pool elevations in Arrowrock Reservoir are a result 
of Reclamation delivering irrigation water primarily from Arrowrock Reservoir in order to 
maintain a recreation pool in Lucky Peak Reservoir and to maintain as much water as 
possible in Anderson Ranch Reservoir, both for recreation and to increase probability of refill 
in subsequent years (Reclamation 2004d).  In normal water years, Lucky Peak Reservoir is 
kept nearly full from Memorial Day to Labor Day to support recreation.  After Labor Day, 
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Lucky Peak Reservoir provides water to meet irrigation demands while Arrowrock Reservoir 
begins to refill.  Arrowrock Reservoir has been at or near its conservation pool through July 
and August in approximately 25 percent of years; Reclamation typically tries to be at the 
conservation pool by Labor Day. 

When Arrowrock Reservoir is rapidly drawn down to very low levels, nutrients, food 
organisms, and fish of all species pass through the dam into Lucky Peak Reservoir.  This 
contributes to the reduction of the self-sustaining fish resource.  Marotz and Althen (2004) 
found that reducing reservoir drawdown during the biologically productive summer months 
at Hungry Horse and Libby Dams in Montana benefited reservoir biota by enhancing benthic 
invertebrate production.  Similarly, rapid summer drafting and the low reservoir levels at 
Arrowrock Reservoir reduce the reservoir’s primary productivity, provide little littoral area, 
and consequentially discourage growth and reproduction of aquatic invertebrates and plants 
(Reclamation 2004b).  This limits the production and sustenance of aquatic fauna, especially 
zooplantivores, such as kokanee salmon (May et al. 1988), a major prey item for bull trout in 
other lakes and reservoirs (Vidergar 2000). 

Arrowrock Reservoir conservation pool elevations and suitability of water quality conditions 
for adfluvial bull trout populations depend on the annual fluctuations in weather conditions 
and impacts of consecutive years of high or low stream runoff in the Boise River basin 
(Reclamation 2003).  Currently, bull trout habitat is available through most of the year except 
July through September in consecutive dry years when temperatures rise and dissolved 
oxygen levels fall below acceptable levels (Reclamation 2003).  However, as is described 
above, operations at Arrowrock Reservoir likely limit both primary and secondary 
productivity, which leads to relatively infertile conditions in the reservoir (Salow 2004b; 
Reclamation 2004b). 

The Idaho Department of Fish and Game (Flatter 1999) conducted a radiotelemetry and mark 
recapture study of bull trout at Arrowrock Reservoir from 1996 to 1998; 57 bull trout were 
implanted with radio transmitters in 1998.  The purpose of the study was to estimate the 
population size, document entrainment from Arrowrock Reservoir into Lucky Peak 
Reservoir, and delineate some life history characteristics.  Flatter’s population estimates for 
bull trout 300 millimeters or longer at Arrowrock Reservoir were 417 bull trout in 1997 and 
345 bull trout in 1998.  Estimated numbers of entrained bull trout equal to or greater than 
300 millimeters in total length were 42 bull trout for 1997 (10.1 percent of the adult adfluvial 
population) and 54 bull trout for 1998 (15.7 percent of the adult adfluvial population).  For 
bull trout under 300 millimeters in total length (considered subadults (Salow 2004b)) that are 
part of the adfluvial bull trout population at Arrowrock Reservoir, estimated entrainment in 
1998 was 20 percent, or 66 fish.  It should be noted that large flood control releases occurred 
during the winter and spring in both 1997 and 1998, which may have influenced the number 
of bull trout entrained due to increased volume of release over the spillway. 
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Flatter (1999) also determined whether fish were entrained through the Ensign valves or over 
the spillway of Arrowrock Dam and at approximately what reservoir elevation bull trout 
were entrained.  He found that of the 10 radio-tagged bull trout entrained through Arrowrock 
Dam in 1998, 4 bull trout were entrained through the valves (7 percent of tagged fish), 
5 passed over the spillway (8.7 percent of tagged fish), and 1  was indeterminable.  The 
submergence depths from the reservoir surface to the intake of the upper valves ranged from 
19 to 111 feet when those fish were entrained. 

Reclamation conducted work similar to Flatter’s to determine the extent of entrainment 
related to the Arrowrock Dam valve rehabilitation project.  This work was initiated in 2001 
and extended through 2004 to determine entrainment rates before, during, and after the 
construction project.  Because the spillway was not operated during the period of the 
construction project, all entrained bull trout were passed through the valves.  The overall rate 
of entrainment observed during the construction project was comparable to that observed in 
Flatter’s work (just over 11 percent compared to 10 to 16 percent) (Salow and 
Hostettler 2004).  The depths from the reservoir surface at which the fish were entrained 
during the construction project (15 to 105 feet) were similar to the range found by Flatter.  
Entrainment occurred primarily at higher than average discharge from the dam near the 
surface elevation of the reservoir (Salow and Hostettler 2004). 

Reclamation documented 6 of 118 radio-tagged bull trout entrained in 2002 (5.09 percent) 
before the reservoir drawdown for construction and 8 of 53 radio-tagged bull trout entrained 
from the 2003 sample (15.1 percent) during the construction-related drawdown 
(Reclamation, in litt., 2004).  Rates of entrainment appear to be positively correlated with 
high velocity discharge (either over the spillway or through the valves) that occurs near the 
reservoir surface (Salow and Hostettler 2004).  Reclamation altered Arrowrock Dam 
operations in 1999 to reduce use of the spillway and maximize use of the valve outlets. 

Beginning in 2000, Reclamation initiated a trap-and-haul program for the bull trout entrained 
into Lucky Peak Reservoir, returning them to Arrowrock Reservoir as part of the Service’s 
terms and conditions identified in their Opinion for Arrowrock Dam construction activities 
(Service 2001).  Since the implementation of the program, over 86 adult and subadult bull 
trout (ranging from 255 to 660 millimeters in total length) have been trapped in Lucky Peak 
Reservoir.  Seventy-seven of these fish were tagged with PIT tags and returned to Arrowrock 
Reservoir; two bull trout were transported to the Idaho Department of Fish and Game Nature 
Center of public viewing, and seven bull trout were not tagged due to obvious injury or 
mortality (Salow 2005). 

Flatter (2000) investigated bull trout migration and movement patterns in Arrowrock 
Reservoir.  Adult bull trout were found to migrate from Arrowrock Reservoir into the Middle 
Fork and North Fork Boise Rivers from May to June and spawn in the upper tributaries in 
August and September.  Not all adult fish migrated in a given year, and mature adfluvial bull 
trout appeared to reside in the reservoir for about 6 months, from November to June.  Bull trout 
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occupied deeper areas of the reservoir where water temperatures were cooler (7 to 12 °C) and 
moved to the surface when surface water temperatures dropped to or below 12 °C. 

Reclamation began rehabilitation of the lower row of valves at Arrowrock Dam in September 
2001 and finished in 2004.  Valve replacement required short-term changes in reservoir 
operations at Anderson Ranch, Arrowrock, and Lucky Peak Reservoirs.  A large-scale 
radiotelemetry investigation to monitor the impacts of the reservoir drawdown on the 
adfluvial population of bull trout was initiated in 2001.  Major components of this work 
included documenting mortality rates and associated causes of mortality, reservoir use and 
timing, and levels of entrainment for adfluvial bull trout using Arrowrock Reservoir.  
Monthly updates and an interim report with findings to date are available (Salow 2003a, 
2004a; Salow and Hostettler 2004). 

Little mortality related to water quality degradation was observed in this study.  However, 
when the reservoir pool was reduced to 1,500 acre-feet, dewatering and the subsequent 
channelization of normally inundated areas created unstable stream banks; there was no other 
cover for fish available, and these banks collapsed frequently.  The migratory corridor near 
Irish Creek provided water depth and channel stability when the reservoir area was inundated 
to an elevation of 944.9 meters (3,100 feet; 38,840-acre-foot volume) or above 
(Salow 2004c). 

The valve replacement construction project more than doubled mortality rates for post-
spawning bull trout.  Prior to construction, 22 percent of tagged fish were killed during the 
post-spawning migration.  During the construction project, 47 percent of radio-tagged fish 
were killed during this time frame.  Most mortality was from increased predation related to 
poor habitat conditions; no refugia habitat (areas to hide) was available in migratory 
corridors within the upper reservoir.  An estimated 157 fish from the North Fork Boise River 
population and 113 fish from the Middle Fork Boise River population were killed.  This 
represents over 45 percent of the estimated adult adfluvial bull trout population from the 
North Fork Boise River population as reported in Salow (2004b).  Weir counts have not been 
implemented in enough successive years to produce reliable population estimates for the 
Middle Fork Boise River population.  Approximately 8 percent of the mortality observed in 
2003 was related to infection or fish stress from radio-tagging efforts.  In coordination with 
reservoir drawdowns and drought conditions, weir counts and radio-tagging studies are likely 
adversely affecting the health and post-spawning survival of some adult bull trout in this 
population.  Impacts to bull trout from degraded water quality conditions were not 
documented, though it had been anticipated as the primary cause of mortality during the 
planning process (Salow and Hostettler 2004). 

Some other anthropogenic factors that affect bull trout in this area include past forest 
management practices, transportation networks, past and present mining activities, residential 
development and urbanization, and fisheries management practices.  These factors are 
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discussed in detail in the draft bull trout recovery plan chapter for Southwest Idaho 
(Service 2002). 

Angling and poaching have been documented to cause bull trout mortality in this area.  
Reclamation and the Idaho Department of Fish and Game have engaged in education and 
enforcement efforts to minimize mortality from these causes.  However, poaching and 
angling-related mortality still occur despite informational signs and brochures distributed to 
anglers (Reclamation 2004b). 

Atlanta Dam, also known as Kirby Dam, is a 45-foot-high hydropower facility on the Middle 
Fork Boise River a short distance downstream from the town of Atlanta.  It is owned by the 
Forest Service, is on Federal land, and is operated by a private utility under a FERC license.  
It completely blocked access to migratory bull trout beginning in the early 1900s, preventing 
migratory fish from using the upper Middle Fork Boise River watershed (Steed et al. 1998).  
Passage at Atlanta Dam was recently restored when the Idaho Department of Fish and Game 
constructed a vertical slot fish ladder that began operating in 1999.  Upstream from Atlanta 
Dam, bull trout occur in the upper Yuba River.  Whiteley et al. (2003) suggested that 
isolation has affected bull trout upstream from Atlanta Dam, potentially by reducing the 
demographic resilience and size of the population and constraining the migratory life history. 

Hybridization between introduced brook trout and bull trout has been documented in several 
tributary streams in the Boise River basin, including the Crooked and Bear Rivers and 
associated tributaries that flow into the North Fork Boise River (Whiteley et al. 2003). 

Weir count data was used to generate population estimates for adult adfluvial bull trout that 
overwinter in Arrowrock Reservoir and the South Fork Boise River below Anderson Ranch 
Dam.  The data indicate a downward trend in overall population size for the Boise River adult 
adfluvial population of bull trout (see Table 18 on page 209).  Surveys conducted over multiple 
years found that reduced water levels (low winter precipitation and spring runoff) likely result 
in higher mortality rates for fish rearing in headwater streams due to increased summer 
temperatures and reduced cover in more shallow and narrow stream channels (Salow and 
Cross 2003).  Additionally, naturally low flows and drought conditions appear to have 
significant negative effects on survival of bull trout, especially juvenile bull trout migrating 
within the main river (based on the composition and overall catch rates of juvenile bull trout at 
weirs in Salow 2004b), and potentially on survival of overwintering bull trout eggs and alevins 
due to increased anchor ice formation and reduced insulation (Salow and Cross 2003).  These 
conditions have likely been exacerbated in recent years due to extreme drought in the basin; 
both the winter snowpack and precipitation from April through June have been below the 
1971-2000 average since 2000 (Natural Resource Conservation Service 2005). 

Additionally, other natural events have occurred in the basin that have likely affected bull 
trout, mainly wildfires and associated flooding.  The 2000 Trail Creek Fire and the 2003 Hot 
Creek Fire in the Middle Fork Boise River basin both burned substantial acreage in the 
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drainage (approximately 35,000 and 26,500 acres, respectively).  The Boise National Forest 
(2004) reported that two salmonid fish were discovered in Bald Mountain Creek (Middle 
Fork Boise River tributary) following the Hot Creek Fire, although they were not able to 
identify the carcasses to species or to determine cause of death; it is likely that some bull 
trout were killed during or following both fires.  Following the Hot Creek Fire, a rain event 
caused three tributaries in the Middle Fork drainage to scour, creating alluvial fans and 
raising the river bed 8 to 10 feet.  Salow and Hostettler (2004) reported that two tagged bull 
trout were killed during the Hot Creek Fire and the debris torrents, one of which was buried 
under the debris created by the floods (Salow 2003a); it is likely that other bull trout were 
also affected by the floods and subsequent river conditions. 

Rieman et al. (1997) indicated that bull trout are likely well adapted to and have the potential 
for recovery from large, intense fires such as the Trail Creek and Hot Creek Fires.  They also 
point out that historically, large fires played a role in maintaining aquatic habitats by 
supplying woody debris and prompting natural events such as the debris flows described 
above that transport coarse substrates to stream channels.  Despite this information, mortality 
rates basin-wide have increased (Salow and Hostettler 2004), likely due to a combination of 
fire, flood, and extreme reservoir drawdown, which all occurred in 2003, along with multiple 
successive years of drought.  This may have had significant impacts to bull trout in the 
Middle Fork Boise River basin, although not enough time has passed or information 
collected to fully determine the magnitude of any population level effects. 

Several other investigations into aspects of bull trout life history are ongoing within the Boise 
River basin.  Reclamation, the Boise National Forest, the Idaho Department of Fish and 
Game, and Boise State University are cooperating in conducting two radio-tagging and 
tracking investigations for juvenile and subadult-sized (less than 300 millimeters in total 
length) bull trout.  The first examines movements, overwintering behavior, and migration 
patterns in the North Fork Boise River and Arrowrock Reservoir.  Work completed so far 
indicates that distance of downstream movement in juvenile bull trout is positively correlated 
to the total length of the fish, and that decreases in temperature and increases in flow affect 
timing of downstream movement (Hostettler 2003).  The second study will examine reservoir 
habitat use, duration of occupancy, and feeding patterns by bull trout.  This 2-year study is 
anticipated to be completed in June 2006. 

South Fork Boise River Downstream from Anderson Ranch Reservoir 

The South Fork Boise River is a regulated stream, and Anderson Ranch Dam discharge is 
used to meet a variety of needs, including minimum streamflows, hydroelectric power 
generation, and irrigation demands.  Under past and current operations, the lack of a natural 
hydrograph has altered and possibly reduced channel complexity; altered streamflow 
(including daily mean flow, peak variation, and timing); altered water temperature mean and 
natural variation; altered the aquatic community composition; and altered the migratory 
corridor condition.  In other impounded systems, altering the downstream streamflow has 
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been found to affect aquatic fauna and can completely change an aquatic community 
(Mueller and Marsh 2002; Marotz et al. 1999).  The flow regime Reclamation (2004d) 
identified has likely affected the downstream fishery, but the magnitude and extent of the 
effect has not been studied and is currently unknown. 

Minimum flow targets and ramping rates for flow increases and reductions were developed 
and are currently implemented at Anderson Ranch Dam.  However, the biological relevancy 
of these targets has not been examined for bull trout.  According to T. Salow (pers. comm., 
2005a), it is likely that the altered flow regime, timing and temperature of spill from 
Anderson Ranch Dam, and directed ramping rates have adversely affected the ability of 
migratory bull trout using the South Fork Boise River to receive the appropriate cues for 
spawning migration.  This may lead to late or early migrations and increased metabolic rates, 
leading to decreased fitness (King et al. 1998; Kaeding and Boltz 2001). 

Water temperatures recorded downstream from Anderson Ranch Dam (10 to 12 °C) are 
suitable for adult bull trout occupancy during most of June through October.  However, 
temperatures and the flow regime do not vary as they do in unregulated streams.  
Reclamation has released water through the intake located deep in the reservoir’s water 
column.  Generally, mean daily water temperatures below the dam in normal water years 
have ranged from 3.7 to 11.4 °C (Reclamation 2004b).  In years when powerhead has been 
used to supply flow augmentation (usually consecutive dry years), mean daily water 
temperatures can be as high as 15.3 °C (Reclamation 2004b).  Maintenance operations at 
Anderson Ranch Dam that require dewatering the penstock and releasing water over the 
spillway after May 15 (such as occurred in 2003) cause temperature increases, which may 
adversely affect bull trout summer habitat and migration patterns downstream. 

The South Fork Boise River below Anderson Ranch Dam receives heavy recreational angler 
usage.  Bull trout mortality due to anglers has been found to be relatively high in this reach 
(Salow and Hostettler 2004).  The Idaho Department of Fish and Game has implemented 
some education and enforcement activities, but more efforts are needed. 

Bull trout use of the South Fork Boise River below Anderson Ranch Dam is poorly understood.  
It is not known whether all or most of the fish found there spawn in the Middle and North Fork 
Boise Rivers, migrate back to Arrowrock Reservoir, and move up the South Fork Boise River to 
find more productive foraging areas.  They could also be expressing a stricter fluvial life history 
form, although this is not as well supported by the existing radiotelemetry information.  More 
information is needed to adequately assess the habitat use and conservation needs of bull trout in 
the South Fork Boise River below Anderson Ranch Dam. 

Anderson Ranch Reservoir 

Anderson Ranch Dam and Reservoir have affected bull trout in the South Fork Boise River 
drainage.  Anderson Ranch Dam has no provisions for either upstream or downstream fish 
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passage; this has eliminated access to the South Fork Boise River downstream from the dam 
and the Middle and North Fork Boise Rivers by migratory fish upstream from the dam.  
Whiteley et al. (2003) did not find genetic differentiation associated with Anderson Ranch 
Dam, although they did find it associated with Skeleton Creek upstream from the dam. 

Water quality conditions for adfluvial bull trout populations depend on annual variation in 
weather conditions, such as wind and precipitation, and impacts of consecutive years of high 
or low regional water levels.  The combined inactive and dead storage space of 62,000 acre-
feet in Anderson Ranch Reservoir appears to provide adequate water for bull trout 
(Reclamation 1998a, 2004a).  Under past operations, temperature and dissolved oxygen 
elements generally met State of Idaho standards for salmonid rearing and suitable thermal 
habitat (between 2 and 15 °C) through most of the year.  However, conditions have become 
marginal in mid- to late summer, especially in consecutive dry years (Reclamation 2004a).  
Anecdotal information suggested entrainment of juvenile and adult bull trout may occur 
when water is released over the spillway (Steed et al. 1998), although radiotelemetry studies 
in Anderson Ranch Reservoir in 1998 and 1999 did not document entrainment. 

Fish kills, primarily of kokanee salmon, were observed in August 2001, a low flow year.  
That year, spring runoff was not sufficient to fill Anderson Ranch Reservoir.  An anoxic 
block of water moved through the reservoir and presumably caused the fish kills 
(Reclamation 2004b).  Anderson Ranch Reservoir water volumes in 2001 during the fish kill 
reached a minimum of 74,600 acre-feet, which is above the low levels observed in 1993 and 
1994.  No fish kills were documented during those years.  The anoxic zone of water was 
presumably caused by the combined factors of the reduced crosswinds that would normally 
allow for surface currents and turnover, high water temperatures from unusually high air 
temperatures, and relatively low water volumes.  Fish kills have not been previously 
documented at Anderson Ranch Reservoir, and it is not known whether they would occur in 
the future.  Kokanee salmon have been documented in numerous studies as an important prey 
item for bull trout (Vidergar 2000; Beauchamp and Van Tassell 2001); however, the acute 
and long-term effects on bull trout from the loss of kokanee salmon as a source of prey that 
occurred in 2001 has not been determined. 

2. Payette River Basin 

The Service’s draft bull trout recovery plan (2002) identified several categories of activities 
that have affected bull trout in the Payette River basin.  These include:  dams, forest 
management practices, livestock grazing, agricultural practices, transportation networks, 
mining, and fisheries management. 

Deadwood River below Deadwood Dam 

The fluvial bull trout population in the Deadwood River downstream from the dam has not 
been well studied.  Similar to the South Fork Boise River below Anderson Ranch Dam, the 
Deadwood River downstream from the dam may function as an important migratory corridor 



Chapter 9 – Bull Trout Environmental Baseline 

226 U.S. Fish and Wildlife Service March 2005 

and summer rearing habitat for bull trout.  Water temperature downstream from the dam 
under past and current operations has been substantially colder and has lacked the variability 
of other unregulated streams within the same areas of Idaho.  The change in thermal and flow 
regimes has most likely altered the aquatic community and likely accounts for the paucity of 
fish and macroinvertebrate fauna observed (Allen 1998; Salow in Reclamation 2004b). 

Water normally flows over the unregulated spillway at Deadwood Dam in June.  Any bull 
trout present in the Deadwood River downstream from the dam would have historically been 
adversely affected by such releases of reservoir surface water with temperatures up to 21 °C.  
Water released exclusively through the outlet valves of the dam has temperatures between 
3° C and 7° C year-round.  In 1997, Reclamation began releasing water from the outlet 
valves while water is spilled to reduce the extreme difference in water temperature 
downstream from the dam.  This provided summertime water temperatures from 7 to 10 °C 
below the dam and from 12 to 15 °C near the mouth of the Deadwood River.  Although the 
mixed release regimen increased June and July water temperatures of 7.2 to 10 °C below the 
dam in the Deadwood River, in dry years, no spill was provided, and water temperatures 
remained very cold.  Mixed spill provides a temporary increase in temperatures during the 
time the reservoir is full; however, in many years, the water temperatures are still much 
colder and less variable in comparison to watersheds of similar size and elevation within the 
basin. 

The lack of a natural hydrograph below Deadwood Dam has altered and possibly reduced 
channel complexity; altered streamflow (including daily mean flow, peak variation, and 
timing); altered water temperature mean and natural variation; altered the aquatic community 
composition; and altered the migratory corridor condition.  Streamflow alteration has been 
found in other impounded systems to affect aquatic fauna and can completely change an 
aquatic community (Mueller and Marsh 2002; Marotz et al. 1999).  The flow regime has 
likely affected the downstream fishery, but the magnitude and extent of the influence has not 
been studied and is currently unknown. 

Deadwood Reservoir 

Deadwood Reservoir is known to support adfluvial bull trout, although in relatively low 
numbers.  Anglers have reported poor catch rates of bull trout in Deadwood Reservoir since 
1990 (Salow in Reclamation 2004b).  Few adfluvial bull trout have been documented in 
Deadwood Reservoir since 1997 (Allen 1998).  Chemical treatment of stream sections to 
remove undesirable fishes in the Deadwood River basin upstream from Deadwood Dam in 
1992 may have injured or killed adfluvial bull trout using Deadwood Reservoir for 
overwintering (Jimenez and Zaroban 1998).  Additionally, the decline in numbers of 
adfluvial bull trout found in Deadwood Reservoir corresponds to reduced kokanee 
populations and low reservoir volumes that occurred in the early 1990s.  On the Deadwood 
River upstream from Deadwood Dam, a fish passage barrier was discovered on Forest 
Service land during surveys in 2004.  Bull trout were observed spawning above the diversion, 
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but no bull trout were documented downstream from the diversion.  This diversion likely 
limits bull trout distribution into Deadwood Reservoir from known populations upstream. 

Generally, the food base for bull trout is abundant in Deadwood Reservoir.  Kokanee salmon 
and cutthroat trout, both introduced species, are abundant, and their densities have fluctuated 
over time, depending on spawning success.  The Idaho Department of Fish and Game 
operates a weir to capture and monitor upstream movement of kokanee in the fall of each 
year.  Kokanee salmon serve as an important prey item for bull trout in lakes and reservoirs 
where both species are present (Vidergar 2000). 

Since 1996, the Lowman Ranger District of the Boise National Forest has been investigating 
the relationship between habitat characteristics and resident bull trout abundance in an effort 
to identify the quality and amount of available resident bull trout habitat within the 
Deadwood River drainage.  This work indicates that stream reaches having large woody 
debris and higher numbers of plunge and dam pools tend to have higher bull trout densities 
(Zurstadt and Jimenez in Reclamation 2004b). 

3. Malheur River Basin 

The Service (2002) identified the construction and operation of dams, livestock grazing, 
forest management practices, agricultural practices, and some fisheries management practices 
as factors contributing to the decline of bull trout in the Malheur River basin.  These factors 
continue to affect bull trout within this basin. 

The construction and operation of Agency Valley Dam and Beulah Reservoir and Warm 
Springs Dam and Reservoir have fragmented the bull trout distribution within the Malheur 
River basin.  Neither dam was constructed with fish passage facilities.  Other effects of these 
dams include altered stream temperatures and flow regimes, halted migration of anadromous 
species and their nutrient inputs, altered forage bases, and entrainment at Agency Valley 
Dam (Reclamation 1998b; Hanson et al. 1990; Schwabe et al. 2000). 

Beulah Reservoir (Agency Valley Dam) 

Beulah Reservoir provides overwintering and foraging habitat for migratory bull trout in the 
North Fork Malheur River.  Subadult or adult bull trout likely reside in Beulah Reservoir 
during winter months (Schwabe et al. 2000).  During residence, bull trout are feeding on fish, 
including stocked rainbow trout, and are exposed to temperatures, dissolved oxygen, and 
other conditions that change with season or reservoir operation (Petersen and Kofoot 2002).  
Reclamation (2002a) collected limnological data that indicated that under past and present 
operating conditions, no cold-water refugia exists in Beulah Reservoir for bull trout from 
early to mid-July until early October.  Dissolved oxygen levels are also below levels deemed 
suitable for bull trout during the summer months (Reclamation 2002a).  These reservoir 
conditions result in most, if not all, bull trout migrating out of Beulah Reservoir in the spring 
to seek cooler water temperatures and spawning habitat, although most adults would also be 
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likely to leave the reservoir in association with upstream migrations for spawning.  In most 
years, conditions in the reservoir during the summer have not been suitable for subadult bull 
trout, although additional information on their seasonal distribution and migratory patterns is 
needed. 

Migratory bull trout are important to the persistence and stability of the North Fork Malheur 
River population (Petersen et al. 2003).  Migratory individuals are more fecund than smaller, 
resident fish (Goetz 1989) and are important for reestablishment of populations following 
local extirpations due to natural or other disturbance (Rieman et al. 1997). 

Beulah Reservoir has no designated minimum pool, and all the storage space is usable for 
irrigation and flood control.  Except for years when Beulah Reservoir is drained, fish habitat 
for other aquatic species (including bull trout prey base) is available.  Studies conducted 
between May and late November during 2001, a dry year, indicated potentially high 
abundances of available prey for bull trout (Petersen and Kofoot 2002), although the 
reservoir was not drained to run-of-river conditions (the lowest volume was 1,724 acre-feet). 

Summer drawdown and low fall reservoir levels have discouraged growth and reproduction 
of aquatic invertebrates and plants; this has reduced the productivity of the reservoir and has 
limited the development of the fish food base for bull trout.  Chlorophyll a levels measured 
from 1999 through 2002 remained low in the winter (when bull trout are present) and spike 
during the summer and fall (when bull trout are absent).  This, coupled with low nutrient 
levels, nitrogen, and total phosphorous concentrations, indicates that past and current 
operations of the reservoir have led to a moderately productive system relative to its ability to 
support communities of flora and fauna.  However, annual recruitment of prey base species 
from the North Fork Malheur River and Warm Springs Creek have helped ameliorate some 
of the effects of reservoir fluctuations on the bull trout prey base (Petersen et al. 2003). 

Between 1955 and 1970, Beulah Reservoir was emptied three times (1955, 1961, and 1968) 
and was treated with rotenone in attempts to remove “trash fish” (e.g., sucker species and 
northern pikeminnow).  Other common species (e.g., largescale suckers) experienced 
relatively rapid increases between 1957 and 1960 and again between 1966 and 1967, 
although there was year-to-year variation (Petersen et al. 2003).  Since 1936, Beulah 
Reservoir has been drawn down to low pool levels (less than 2,000 acre-feet), or run-of-the-
river levels, from late July through October during several years.  Water levels were at a 
minimum (less than 1,000 acre-feet or run-of-the-river) for at least 1 month in 1950, 1973, 
1977, and for several years between 1987 and 2003.  In 2001, a low water year, Reclamation 
leased 2,000 acre-feet of water from the Vale Oregon Irrigation District to prevent the 
reservoir from being completely drained.  Although 2,000 acre-feet was also available in 
2002, the reservoir was completely drained in an effort to control illegally introduced white 
crappie in Beulah Reservoir.  In 2003 and 2004, the Vale Oregon Irrigation District notified 
Reclamation that no water would be available to lease for conservation purposes as a result 
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of dry conditions; the reservoir was completely drained to run-of-the-river levels (200 acre-
feet or less) these 2 years. 

There is no information currently available that indicates whether 2,000 acre-feet in Beulah 
Reservoir provides suitable habitat for bull trout, although the assumption is that it maintains 
conditions that are less detrimental than run-of-river conditions.  Fish sampling conducted in 
Beulah Reservoir by Petersen and Kofoot (2002) between May and November 2001 yielded 
over 1,380 individuals of various fish species (e.g., rainbow trout, suckers, dace, shiners) that 
likely would provide a prey base for any bull trout that returned to the reservoir to 
overwinter.  This included total catches of about 500 fish in August and September 2001 
when the reservoir volume was maintained at or near 2,000 acre-feet, indicating that 
2,000 acre-feet likely supports an adequate prey base for bull trout. 

Petersen et al. (2003) repeated fish sampling in Beulah Reservoir between April and July 
2002, yielding 549 individuals.  No bull trout were captured during either year of sampling, 
which may indicate that their numbers are extremely low or that they migrated out of the 
reservoir prior to sampling efforts.  Based on temperatures observed during sampling and 
preferences noted in the literature for bull trout, it is not surprising that bull trout were not 
captured.  Figure 25 shows that between 1970 and 2003, the reservoir was drawn down to or 
below 2,000 acre-feet 2 percent of the time for June, 6 percent for July, 20 percent for 
August, 30 percent for September, 22 percent for October, and 3 percent for November. 
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Figure 25.  Exceedance curve for water storage at Beulah Reservoir from June through November, 
1970 through 2003. 



Chapter 9 – Bull Trout Environmental Baseline 

230 U.S. Fish and Wildlife Service March 2005 

Petersen et al. (2003) indicated that historically, gill net catches of various species in Beulah 
Reservoir following a reservoir drawdown to river level (200 acre-feet or less) appear to lag 
from 1 to 3 years.  Beulah Reservoir has been drawn down to this river level in 1988, 1990, 
1991, 1992, 1994, 2002, 2003, and 2004.  Petersen et al. (2003) concluded that it is likely 
that at least some members of the fish community in the Beulah Reservoir vicinity are 
resilient to repeated reservoir drawdowns.  However, fish species remaining in the reservoir 
during drawdowns are likely susceptible to entrainment through the valves at Agency Valley 
Dam when water is passed downstream. 

The Burns Paiute Tribe and the Oregon Department of Fish and Wildlife conducted a 
radiotelemetry study of bull trout at Beulah Reservoir from 1998 (Gonzales 1998) to 1999 
(Schwabe et al. 2000).  The purpose of the study was to assess life history characteristics and 
document entrainment through Agency Valley Dam.  The significant findings from this study 
were: 

• Adult bull trout migrate from Beulah Reservoir into the North Fork Malheur River 
from March through June.  During the first year of study, all radio-tagged bull trout 
(except two that were lost) left Beulah Reservoir and migrated to upstream locations.  
In 1999, bull trout that were captured in the tailrace of Agency Valley Dam, radio 
tagged, and then released in Beulah Reservoir, migrated upstream to known spawning 
tributaries. 

• The North Fork Malheur River upstream from Beulah Reservoir has three unscreened 
diversions that operate during periods when bull trout are migrating through the area.  
Telemetry studies showed that these diversions either delayed the migration of bull 
trout or likely resulted in bull trout mortality into an unscreened diversion (Schwabe 
et al. 2000). 

• In 1999, radio-tagged bull trout released in the tailrace tended to stay within 1.2 miles 
of the dam.  Of the 39 bull trout that were radio tagged and released in the reservoir, 
4 bull trout were entrained through the dam or over the spillway. 

• Mature adfluvial bull trout appear to reside in Beulah Reservoir for about 6 months, 
from November through June. 

Water release over the spillway, whether during flood control operations or to pass inflow 
when the reservoir is full, has been a significant factor for bull trout entrainment.  In 1999, 
large flood control releases over the spillway in the winter and spring were likely significant 
contributors to bull trout entrainment.  As a result, the Vale Oregon Irrigation District 
changed spillway operations at Agency Valley Dam in 2000.  The district agreed to discharge 
up to 650 cfs of Beulah Reservoir water from the river outlet works, when possible, rather 
than the spillway, in an effort to reduce bull trout entrainment.  Since the existing valves have 
a maximum release capacity of up to 650 cfs, releases greater than 650 cfs must be made 
through a combination of both valves and up to 350 cfs over the spillway.  Releases greater 
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than 1,000 cfs are made exclusively over the spillway for safety reasons.  Spillway releases 
generally occur during flood control operations from February through June. 

Since these operational changes, bull trout entrainment documented below Agency Valley 
Dam has substantially decreased.  The Burns Paiute Tribe has captured bull trout by angling 
in the tailrace of Beulah Reservoir since 1998.  Captured fish are transported and released 
into Beulah Reservoir.  Between mid-March and mid-June of 1999, 20 bull trout were angled 
in the tailrace and released above the dam.  During the same period in 2000, after operations 
were changed, five fish were angled and then released above the dam.  Since 2001, water 
levels in Beulah Reservoir have not resulted in spillway releases, and no bull trout have been 
captured by angling in the tailrace. 

These operational changes have not completely eliminated the risk of bull trout entrainment.  
When more than 650 cfs must be released, and the spillway must be used, entrainment is 
possible.  Telemetry studies have shown entrainment occurring during late winter/spring 
periods when bull trout are present in Beulah Reservoir.  Figure 26 shows how often releases 
from Agency Valley Dam into the North Fork Malheur River have exceeded certain flows 
during the months from February through June for the period of record from 1961 through 
2003.  Daily releases exceeded 650 cfs between 0.75 and 11 percent of the time.  Daily 
releases exceeded 1,000 cfs from 0.3 to 2.8 percent of the time.  During all the months of 
May, daily releases exceeded 650 cfs 11 percent of the time, and daily releases exceeded 
1,000 cfs 1.8 percent of the time. 
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Figure 26.  Exceedance curve showing the daily flow releases from Beulah Reservoir from 
February through June, 1961 to 2003. 
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With the exception of bull trout returned to Beulah Reservoir from annual trap-and-haul 
operations conducted in the tailrace, the lack of fish passage facilities at the dam means that 
bull trout entrained into the North Fork Malheur River are lost to the reproducing population.  
The survival of entrained bull trout is likely very low during late spring to early fall.  
Entrained bull trout are unable to survive elevated water temperatures that are released from 
Beulah Reservoir during the July to September period.  Should they go downstream, similar 
water conditions prevail in the mainstem Malheur River, and these bull trout also likely 
perish.  In addition, unscreened irrigation diversions entrain and kill bull trout.  In 1999, 
Schwabe et al. (2000) found one radio transmitter in an irrigation ditch approximately 
6 miles below Agency Valley Dam. 

The North Fork Malheur River basin, upstream from Beulah Reservoir, had a “no-bait” 
restriction imposed in 1999 in an effort to increase the survival rate of bull trout captured and 
released by anglers.  Drought conditions may be the reason for recent declines in redds 
counted in the North Fork Malheur River basin upstream from Beulah Reservoir between 
2001 and 2003.  Good water years and the prohibited take of bull trout might be attributable 
to the increase from 1992 to 2000 (see Table 19 on page 215). 

From 1950 to 1987, the North Fork Malheur River, its tributaries, and Beulah Reservoir were 
chemically treated six times.  In addition, chemical poisoning projects conducted between 
1950 and 1987 on the North Fork Malheur River may have killed bull trout, but there is no 
record of bull trout mortalities (Bowers et al. 1993 in Northwest Power and Conservation 
Council 2002).  Contaminants are not currently known to be present in Beulah Reservoir. 

The North Fork Malheur River upstream from Beulah Reservoir has three unscreened private 
diversions that operate during periods when bull trout are migrating through the area (both 
upstream and downstream).  Telemetry studies have shown that these diversions either 
delayed the downstream migration of bull trout or likely resulted in bull trout mortality 
through entrainment into an unscreened diversion (Schwabe et al. 2000).  Additionally, push-
up dams that are constructed in the North Fork Malheur River to divert water into irrigation 
canals or onto irrigated fields have been found to delay post-spawning bull trout migration, 
and they have likely resulted in bull trout being entrained into those canals or fields. 

Naturally low flows and drought conditions have been associated with a decline in the 
number of redds counted in the North Fork Malheur River population (R. Perkins, in litt., 
2005).  It may also adversely affect the survival of overwintering bull trout eggs and alevins 
due to increased anchor ice formation and reduced insulation (Salow and Cross 2003).  These 
conditions have likely been exacerbated in recent years due to extreme drought in the basin 
since 2000. 

The Service (2002) indicated that the North Fork Malheur River population is weak and at 
increased risk due to the factors described in this section.  In addition, based on genetic 
considerations, it is likely that this population has been experiencing some level of 



Environmental Baseline Bull Trout – Chapter 9 

March 2005 U.S. Fish and Wildlife Service 233 

inbreeding effects or loss of genetic variation.  Based on population estimates by Schwabe et 
al. (2003), the total abundance for the North Fork Malheur River population in 2003 was 
126 fish.  With this information and little other data on population structure, it is not possible 
to readily determine the effective population size, which we could use to more accurately 
measure the potential adverse effects of small size to this population.  However, Rieman and 
Allendorf (2001) suggested that a reasonable estimator of effective population size is 0.5 to 
1.0 times the mean number of adults spawning annually.  In the North Fork Malheur River 
basin, the total population estimate is 126 fish, of which only a proportion are spawners.  
Thus, it is reasonable to assume that the effective population size of this population is less 
than 126, and may be lower than 63.  At the lower end of this range, we would expect this 
population to be experiencing immediate effects related to inbreeding depression (see 
Rieman and Allendorf 2001).  If they are occurring, these deleterious effects will further 
contribute to the population’s weak status. 

4. Snake River from Brownlee Reservoir to the Columbia River and the Columbia 
River below the Snake River Confluence 

Chandler (2003) reported that bull trout found in the Oxbow Bypass Reach and Hells Canyon 
Reservoir appeared to be extremely low in abundance.  Chandler (2003) also reported that 
bull trout populations found in the tributaries to the Complex upstream from Hells Canyon 
Dam had extremely low numbers and that they were absent from lower reaches in the 
drainage.  A significant number of bull trout captured in Oxbow and Hells Canyon 
Reservoirs showed signs of hybridization with brook trout, a result of bull trout and brook 
trout being present in the tributaries (Chandler 2003); this is a major concern for bull trout 
populations in this area.  Below the Hells Canyon Complex, bull trout do not show any signs 
of hybridization with brook trout, an exotic species that has been widely introduced in Snake 
River tributaries (Chandler 2003). 

Chandler (2003) found that bull trout use the Oxbow Bypass Reach and Hells Canyon 
Reservoir primarily during late fall and winter.  Telemetry studies showed fluvial bull trout 
within the Complex migrating to tributaries between April and early June where they likely 
oversummer and then spawn in the fall (Chandler 2003). 

Chandler (2003) documented bull trout below Hells Canyon Dam that exhibited “classic 
fluvial migrations” during the years that they monitored movement.  Over half of the bull 
trout monitored made spring migratory movements downstream to the Imnaha River after 
wintering in the mainstem Snake River (Chandler 2003).  Other bull trout that spawned the 
previous year but did not exhibit fluvial behavior may have remained in the Snake River 
throughout the summer.  Fluvial bull trout were then documented to return to the Snake River 
following spawning in the tributaries, sometime in November and December, and to remain 
in the Snake River from January to April (Chandler 2003). 
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C. Recent Section 7 Consultations 

Effects from activities or projects that have already undergone section 7 consultation, as 
reported in a biological opinion, are an important component of objectively characterizing 
the current condition of the species.  The Snake River Fish and Wildlife Office (for the 
Deadwood/South Fork Payette River and Boise River basins) and La Grande Field Office 
(for the Malheur River basin) have completed 20 biological opinions for bull trout in the 
action area since the year 2000.  Eight of these biological opinions applied to activities 
affecting bull trout in the Boise River basin (including Anderson Ranch, Arrowrock, and 
Lucky Peak Reservoirs).  Activities or projects included a hydroelectric plant, Arrowrock 
Dam valve replacement, a forest plan revision, water quality standards criteria, and 
emergency wildfire and road repairs.  Three biological opinions applied to activities affecting 
bull trout in the Deadwood River drainage (South Fork Payette basin) and addressed flow 
augmentation, a forest plan revision, and water quality standards (the forest plan revision and 
water quality standards criteria consultations are common to both the Deadwood and Boise 
River watersheds).  Eleven biological opinions applied to activities affecting bull trout in the 
Malheur River basin and addressed grazing programs, emergency fire consultation, road 
reconstruction, and bridge removal. 

Our analysis showed that we consulted on a wide array of actions, which had varying levels 
of effects.  Many of the actions consisted of only short-term adverse effects, but some had 
long-term beneficial effects.  Some of the actions resulted in long-term adverse effects.  No 
actions that have undergone consultation were found to appreciably reduce the likelihood of 
survival and recovery of the bull trout.  Furthermore, no actions that have undergone 
consultation were anticipated to result in the loss of any subpopulations or local populations 
of bull trout.  A more detailed analysis of consulted-on effects to bull trout is available in our 
files and is hereby incorporated by reference. 

III. Effects of the Proposed Action 
Regulations define effects of the action as “the direct and indirect effects of an action on the 
species or critical habitat, together with the effects of other activities that are interrelated or 
interdependent with the actions, that will be added to the environmental baseline” 
(50 CFR §402.02).  This effects analysis is divided into areas of influence at Reclamation 
facilities and areas of bull trout population usage.  The analysis considers the Boise, Payette, 
Malheur, and Powder River basins and lower Snake River in and downstream from the Hells 
Canyon Complex. 

To conduct this effects analysis, the Service used information from Reclamation’s 
Assessment and from their supplemental information provided (Reclamation, in litt., 2005b) 
that further described their proposed action, including minimum reservoir elevations and 
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flows below Reclamation facilities and expected frequencies of water operations and 
resulting conditions relevant to bull trout. 

A. Direct and Indirect Effects 

Direct effects are defined as the direct or immediate effects of the action on the species or its 
habitat.  Indirect effects are defined as those effects that are caused by or result from the 
proposed action, are later in time, and are reasonably certain to occur. 

Because the proposed action is, in many areas, a continuation of current operations, many of 
the effects described below are also described in the “Environmental Baseline” in Section II 
of this chapter.  We expect that operations at Reclamation facilities will continue to have 
impacts similar to those in the past except where conditions have changed or where the 
proposed action may result in modified operations. 

1. Boise River Basin 

Arrowrock Reservoir, Lucky Peak Reservoir, and the North and Middle Forks of the 
Boise River 

Operating with the new valves installed at Arrowrock Dam in 2003 and 2004 is expected to 
improve habitat for and benefit the small number of bull trout that spend the summer in 
Arrowrock Reservoir (Reclamation 2003).  Releases from the new clamshell gates will keep 
minimum dissolved oxygen levels higher than historical values, though they may reduce 
cold-water refugia slightly earlier in the spring than under past operations. 

Figure 27 on page 236 shows daily mean reservoir volumes and surface elevations at 
Arrowrock Dam for water years 1995 to 2004 (Reclamation, in litt., 2005a).  With the 
exception of 2003 (during the Arrowrock Dam valve replacement project), these levels 
represent daily mean values that will likely occur under the proposed action for similar 
hydrologic conditions.  Reclamation will draft Arrowrock Reservoir to a lesser extent than it 
has historically.  Similar to other systems (May et al. 1988), conditions in Arrowrock 
Reservoir will most likely continue to limit reservoir productivity and fish populations.  This 
is particularly true at Arrowrock Reservoir because it is severely drafted annually 
immediately following refill (usually late June) to meet irrigation demands and maintain 
reservoir elevations for recreation at Lucky Peak and Anderson Ranch Reservoirs.  Limited 
reservoir productivity (Salow 2004b; Reclamation 2004b) likely results in limited available 
prey species for bull trout throughout the winter, and, in particular, any bull trout present in 
the reservoir during the summer.  Limited prey availability results in high energy 
expenditures and metabolic rates associated with foraging activities, and it may reduce 
overall fitness and survival. 
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Arrowrock Reservoir’s refill operations, which begin on Labor Day under normal water 
levels, will continue to provide adequate reservoir volumes to support migratory bull trout 
during the fall migratory period.  However, under more extreme water conditions, reservoir 
elevations may fall to a level low enough to harm bull trout as they enter the reservoir in the 
fall.  Salow and Hostettler (2004) found that when the reservoir elevation near Irish Creek 
fell below elevation 3,100 feet (38,840-acre-foot volume), bull trout mortality rates from 
predation by raptors and channel degradation substantially increased. 

Based on historical daily flow data from 1995 to the present (excluding 2003 when the 
Arrowrock Dam valve replacement project resulted in extreme fall and winter drawdowns at 
Arrowrock Reservoir), daily mean elevations during September and October will drop below 
3,100 feet in approximately 31.6 percent of days.  This will primarily occur in early 
September, although it may also last through October (see Figure 28).  Based on historical 
data that represent future operations under the proposed action (and excluding 2003), we 
expect the reservoir elevation at Arrowrock Reservoir to drop below 3,100 feet in almost 
90 percent of years.  However, reservoir elevations will be 3,100 feet or below on or after 
September 15 (when the first bull trout are expected return to the reservoir) in about 
60 percent of years.  In those years when the reservoir elevation falls below 3,100 feet from 
September 15 to October 31 (the bull trout migration period into the reservoir), the loss of 
cover and increased exposure to predators will lead to adverse effects to bull trout (Salow 
and Hostettler 2004).  It is possible that bull trout returning to Arrowrock Reservoir will be 

Daily Mean Arrowrock Reservoir Volume and Surface Elevation

0

50,000

100,000

150,000

200,000

250,000

300,000

350,000

S
ep

 1
99

4

Ja
n 

19
95

M
ay

 1
99

5

S
ep

 1
99

5

Ja
n 

19
96

M
ay

 1
99

6

S
ep

 1
99

6

Ja
n 

19
97

M
ay

 1
99

7

S
ep

 1
99

7

Ja
n 

19
98

M
ay

 1
99

8

S
ep

 1
99

8

Ja
n 

19
99

M
ay

 1
99

9

S
ep

 1
99

9

Ja
n 

20
00

M
ay

 2
00

0

S
ep

 2
00

0

Ja
n 

20
01

M
ay

 2
00

1

S
ep

 2
00

1

Ja
n 

20
02

M
ay

 2
00

2

S
ep

 2
00

2

Ja
n 

20
03

M
ay

 2
00

3

S
ep

 2
00

3

Ja
n 

20
04

M
ay

 2
00

4

S
ep

 2
00

4

Date

Vo
lu

m
e 

(a
cr

e-
fe

et
)

2900

2950

3000

3050

3100

3150

3200

3250

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(fe
et

).

Volume

Elevation

 
Figure 27.  Actual daily mean reservoir water surface elevations and volumes from water 
years 1995 to 2004. 
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adversely affected prior to September 15, although any effects are expected to be less 
detrimental to the overall population since few bull trout are likely to be migrating at this 
time.  The most severe adverse effects will occur when reservoir elevations in late September 
through October are held below 3,100 feet, particularly in the 5 percent of years that 
reservoir elevations may drop as low as 3,045 feet (10,000-acre-foot volume). 

Salow and Hostettler (2004) documented mortality due to increased predation and channel 
degradation of over 40 percent of tagged migrating adult bull trout in 2003 when elevations 
were held at approximately 3,026 feet during the Arrowrock Dam valve replacement project.  
In 2002, mortality rates were approximately 12 percent due to predation; the minimum 
reservoir elevation observed during the migration period in 2002 was 3,111 feet.  We do not 
have information to indicate what percentage of the population is likely to be affected at 
3,100 feet (approximately 38,000 acre-feet) or what percentage will be affected in the 
5 percent of years that end-of-month reservoir contents in July and October will drop below 
20,000 acre-feet and 10,000 acre-feet in August and September.  In the absence of additional 
information, we estimate that an average of no more than 20 percent of the adfluvial 
population will be adversely affected in the 60 percent of years (18 of the next 30 years) that 
reservoir elevations between September 15 and October 31 drop to 3,100 feet or below. 

High volumes of water discharged from the reservoir surface or just below the reservoir 
surface during the time when bull trout are using the reservoir will likely result in 
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Figure 28.  September and October mean daily water surface elevations for Arrowrock 
Reservoir from 1995 to 2004. 
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entrainment into Lucky Peak Reservoir.  Entrainment of bull trout through Arrowrock Dam 
is likely to adversely affect the bull trout population above the dam through the loss of adult 
spawning fish.  Salow and Hostettler (2004) found that the rates of bull trout entrainment 
increased when discharge from the dam occurred within 20 feet of the surface and exceeded 
695 cfs.  These types of conditions may occur during three general operating seasons.  First, 
entrainment may occur during the irrigation season when discharge is greater than 695 cfs 
and the reservoir water surface elevation is near or below elevation 3,111 feet.  Entrainment 
may also occur during winter operations under these same discharge and reservoir surface 
elevation conditions.  Finally, entrainment may occur when water is discharged over the 
dam’s spillway (typically during spring flood control operations). 

Based on information provided by Reclamation (in litt., 2005a), winter discharge at 
Arrowrock Reservoir from October through April will exceed 695 cfs and the reservoir’s 
water surface elevation will be near or below 3,111 feet in 65 percent of years, although 
conditions would not be suitable for entrainment 100 percent of the time during that period in 
those 65 percent of years.  We expect that entrainment through the clamshell gates in winter 
will occur in no more than 65 percent of years (20 of the next 30 years), and that it will not 
occur 100 percent of the time during those years. 

It is difficult to determine what proportion of the Middle and North Fork bull trout 
populations are likely to be adversely affected through entrainment during those 20 years.  
This is particularly true because approximately 50 percent of the radio-tagged fish from the 
North and Middle Fork populations spent some portion of the fall and winter in the South 
Fork Boise River below Anderson Ranch Dam (Reclamation 2004a).  Additionally, not all 
bull trout overwintering in the reservoir itself are likely to be entrained; this would be 
contrary to both Salow and Hostettler (2004) and Flatter’s (1999) findings.  It is not 
appropriate to use Salow and Hostettler’s 2003 entrainment estimates because during the 
Arrowrock Dam valve replacement project, drawdown conditions were not representative of 
conditions we expect under the proposed action.  Salow and Hostettler’s estimates from 2002 
(2 percent of tagged fish) documented bull trout entrainment through the upper valves, which 
have since been retired, and Flatter (1999) did not distinguish the sets of valves through 
which entrainment occurred (he found 7 percent of tagged fish entrained through the valves).  
However, these estimates represent the best available information and provide us with a 
conservative estimate of expected winter entrainment under the proposed action.  Based on 
the findings of Salow and Hostettler (2004) and Flatter (1999), we anticipate that between 2 
and 7 percent of the bull trout overwintering in Arrowrock Reservoir may be entrained 
through the clamshell gates in 18 of next 30 years under the proposed action. 

Bull trout entrainment has also been documented when irrigation water is delivered past 
Arrowrock Dam in July and August and the reservoir is at or near elevation 3,111 feet.  Most 
bull trout in the Boise River basin upstream from Arrowrock Dam and in the South Fork 
Boise River below Anderson Ranch Dam spend the summer in regulated or free-flowing 
riverine habitats (e.g., the Middle Fork and North Fork Boise River).  However, a small 
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proportion of fish (mostly subadults) have been documented to move into the reservoir in 
July or August for short periods of time and have become entrained (Salow and 
Hostettler 2004).  Salow and Hostettler (2004) found that approximately 2 percent of bull 
trout that overwinter in Arrowrock Reservoir or the South Fork Boise River downstream 
from Anderson Ranch Dam will remain there and continue to move throughout the reservoir 
in the summer months.  Discharge from Arrowrock Dam from July through September is 
expected to be greater than 695 cfs and near or below water surface elevation 3,111 feet in all 
years during this period.  Approximately 2 percent of the bull trout population that 
overwinter in Arrowrock Reservoir and the South Fork Boise River downstream from 
Anderson Ranch Dam may be present in the reservoir during the summer when conditions 
are suitable for entrainment.  All fish that are present and moving throughout Arrowrock 
Reservoir during these summer operations are likely to become entrained (T. Salow, pers. 
comm., 2005a). 

During March through June flood control operations, entrainment is most probable when the 
surface spillway passes runoff that exceeds the clamshell gates’ capacity.  The newly 
installed clamshell gates have a combined discharge capacity of 6,364 cfs 
(Reclamation 2004b).  Water will be discharged over the spillway when the reservoir water 
surface elevation is at least 3,211 feet and reservoir inflow exceeds the gates’ discharge 
capacity of 6,364 cfs.  According to Reclamation (in litt., 2005a), conditions appropriate for 
entrainment at Arrowrock Reservoir will occur in 50 percent of years (15 of the next 
30 years) and for 20 percent of the days during that period.  These conditions may occur 
throughout the flood control period but are expected to occur predominantly in the month of 
June.  Studies of entrainment in 1998, 2002, and 2003 indicated that 4 to 16 percent of the 
adfluvial bull trout population in Arrowrock Reservoir could be entrained under these 
conditions. 

Reducing or eliminating entrainment from Arrowrock Dam will subsequently reduce the 
number of bull trout in Lucky Peak Reservoir.  Although surveys in 2000 and 2001 
documented bull trout in Mores Creek, they have not been documented in subsequent years.  
It is not known whether they originated from upstream from Arrowrock Dam, or whether 
Mores Creek supports a spawning, adfluvial population.  Whiteley et al. (2003) found no 
evidence that the Mores Creek population was a distinct or unique population, but that it was 
most closely related to fish from the upper Middle and North Forks of the Boise River.  This 
infers that fish in the Mores Creek population were most likely derived from fish entrained 
through Arrowrock Dam, although it is not impossible that a self-sustaining population exists 
there.  More information is necessary to fully understand the dynamics of bull trout use in 
Mores Creek. 

The drafting of Arrowrock Reservoir likely flushes nutrients and zooplankton into Lucky 
Peak Reservoir, which increases productivity and subsequent prey availability there.  
Additionally, the new clamshell gates at Arrowrock Dam will allow deeper releases of colder 
water into Lucky Peak Reservoir (Reclamation 2003), which could benefit bull trout in the 
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reservoir.  Lucky Peak Reservoir will generally be held as close to full pool as possible 
through Labor Day for recreational purposes.  It will begin to draw down in late summer, 
although it will generally maintain 80,000 acre-feet throughout the winter.  This volume 
provides substantial wintering habitat for bull trout (Reclamation 2004b).  However, this 
consultation does not address operations in Lucky Peak Reservoir outside of flood control 
and irrigation, and it is not known how the Corps’ maintenance activities or powerplant 
operations at Lucky Peak Dam may affect reservoir elevations.  This Opinion does not 
further consider the effects of these activities. 

Although Reclamation’s proposed action will have significant adverse effects to bull trout in 
Arrowrock Reservoir and in the North and Middle Forks of the Boise River, migratory bull 
trout are likely to persist in this area (B. Rieman, pers. comm., 2005).  This is contingent 
upon our assumption that conditions will continue as Reclamation has anticipated in their 
characterization of the proposed action (e.g., current drought conditions will not occur more 
often than they have in the past; see Chapter 1). 

South Fork Boise River below Anderson Ranch Dam 

Salow and Hostettler (2004) found this reach of river to be important overwintering and 
summer refuge habitat for fluvial and adfluvial bull trout.  Reclamation’s proposed action 
includes minimum streamflow targets of 300 cfs from the fall through winter and 600 cfs 
from the spring through summer for the benefit and enhancement of resident fish.  
Reclamation will meet these targets in 95 percent of years under the proposed action.  In the 
5 percent of years that these minimum flows are not met, minimum discharge may drop to 
between 114 and 157 cfs, with an absolute minimum streamflow of 114 cfs.  Heavy bull trout 
use of the South Fork Boise River has been documented in the winter over the past ten years 
(up to 44 percent of tagged fish from the Middle and North Fork populations) when 
operations have been similar to the proposed action.  Based on past experience, we expect 
that existing minimum flows will support overwintering bull trout.  In the years when 
minimum flows drop below 300 cfs, we expect adverse effects to productivity downstream 
from Anderson Ranch Dam and loss of overwinter rearing habitat for subadult and adult bull 
trout.  These losses may result in increased energy expenditure and metabolic rates associated 
with foraging, which could translate into reduced fitness and survival probability. 

It should be noted that the minimum streamflow targets were qualitatively determined for the 
purpose of benefiting rainbow trout, and the ramping rates for dam releases and the 
effectiveness of target flows in benefiting the downstream fishery have not been evaluated.  
Investigations into the biologically appropriate winter streamflows and ramping rates for bull 
trout in this reach are needed. 

Rapid changes in reservoir discharge velocities may adversely affect bull trout and their prey 
in the South Fork Boise River downstream from Anderson Ranch Dam.  Operations at 
Anderson Ranch Dam may also affect bull trout by changing the timing and conditions of 
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spring runoff.  Water releases from Anderson Ranch Dam are optimized for flood control 
during the spring, resulting in sporadic discharges over the spillway and peak flows in June 
and occasionally in July.  This is in contrast to the Middle and North Fork Boise Rivers 
upstream from Arrowrock Dam, which reach peak flows in mid- to late May.  Additionally, 
when water is discharged over the spillway, it can result in significantly higher temperatures 
than normal flows in the South Fork Boise River.  Flow spikes and seasonal flow variation 
are known to cue migration and spawning movements in some systems (King et al. 1998; 
Kaeding and Boltz 2001), which seems to be the case for bull trout in this river reach.  
T. Salow (pers. comm., 2005a) indicated that bull trout require relatively stable temperatures 
to optimize their metabolic rates; directed flows and temperature spikes from spillway 
discharges may cause increased metabolic rates and late (or early) migration, leading to 
reduced fitness of bull trout in the South Fork Boise River during this period.  It is likely that 
the flow regime below Anderson Ranch Dam has also affected other aquatic species in the 
community.  However, the magnitude and extent of this effect has not been studied and is 
currently unknown. 

Anderson Ranch Reservoir 

Three factors have the potential to affect adfluvial bull trout at Anderson Ranch Reservoir:  
water quality, the subsequent reduction in the prey base, and entrainment past the dam.  
Reclamation (2004a) found that maintaining 62,000 acre-feet of storage in Anderson Ranch 
Reservoir maintains suitable water quality for adfluvial bull trout populations.  Reclamation’s 
proposed action and supplemental information indicate that at least 62,000 acre-feet of 
storage will be maintain in 95 percent of years.  In dry years, or a series of dry years (not to 
exceed 5 percent of years, or in 2 of the next 30 years), minimum reservoir storage for July 
through March could be 41,500 acre-feet.  This minimum level results from using inactive 
storage at Anderson Ranch Reservoir to help meet flow augmentation targets.  In 2 of the 
next 30 years when reservoir elevations drop below 62,000 acre-feet, we expect adverse 
effects if these conditions occur during the summer or early fall months (July through 
October) due to low levels of dissolved oxygen and elevated water temperatures 
(Reclamation 2004a).  After October, reduced ambient temperatures are likely to maintain 
suitable water temperatures for bull trout; Reclamation (2004a) found that dissolved oxygen 
was not a limiting factor, even during dry years with low reservoir carryover volumes. 

A small proportion of the bull trout in Anderson Ranch Reservoir are expected to remain in 
the reservoir throughout the summer (T. Salow, pers. comm., 2005a).  Movement studies 
have not been conducted on the Anderson Ranch Reservoir bull trout population.  Based on 
behavioral and movement patterns in Arrowrock Reservoir, the productivity of the system, 
and the energetics of fish growth and development, it is likely that some bull trout will not 
migrate out of the reservoir during the summer each year.  This is likely to be less than 
4 percent of the population and to be mostly composed of subadult bull trout 
(Reclamation 2004b; T. Salow, pers. comm., 2005a). 
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Water quality conditions in Anderson Ranch Reservoir may also adversely affect kokanee 
salmon.  Kokanee salmon are known to be a principle prey item for bull trout in many 
systems with self-sustaining kokanee populations (Vidergar 2000).  Loss or reduction in the 
kokanee prey base could adversely affect bull trout that overwinter in Anderson Ranch 
Reservoir.  Reclamation (2004a) found that Anderson Ranch Reservoir experiences moderate 
levels of dissolved oxygen depletion during the summer, which likely limits productivity.  
These conditions are less than optimal for kokanee salmon.  However, the kokanee salmon 
population has been maintained through past operations, indicating that they will continue to 
survive into the future.  Additionally, some other fish species that serve as a prey base for 
bull trout would remain present under all potential operational scenarios under the proposed 
action, further ameliorating any effects from water quality. 

The kokanee salmon fish kill that was documented in 2001 likely occurred due to a 
combination of conditions related to water surface elevation and volume, low wind levels 
(decreasing surface-to-bottom water exchange), and unusually high temperatures over several 
weeks.  Reservoir volumes well below those observed in 2001 (e.g., 1993 and 1994) did not 
result in fish kills.  The conditions described above have only been documented in 2001 and 
are therefore considered very rare; the potential for another kokanee fish kill to occur under 
the proposed action is considered discountable. 

Under the proposed action, entrainment of bull trout from Anderson Ranch Reservoir to the 
South Fork Boise River via the outlet works will remain unlikely to occur.  The intake for the 
Anderson Ranch Dam outlet works and turbines is nearly 200 feet below the spillway crest.  
The depth of the intake, gradual releases of water from Anderson Ranch Dam, the reservoir’s 
relatively large conservation pool, and the gradual fluctuation of reservoir content most likely 
contribute to the low level of bull trout entrainment (Partridge et al. 2001; 
Reclamation 2004b). 

Over the term of the proposed action, we expect that bull trout will be entrained when 
Reclamation uses the spillway at Anderson Ranch Dam.  Reservoir elevation and magnitude 
of reservoir inflow determine spillway use at Anderson Ranch Dam.  Releases over the 
spillway occur when the reservoir is nearly full at water surface elevation 4,195 feet.  
Generally, the spillway is used to prevent damage to the jet flow gates of the dam when 
inflow would exceed the turbine capacity of 1,700 cfs.  Reclamation anticipates that the 
spillway at Anderson Ranch Dam will be used in 20 percent of years (6 of the next 30 years), 
usually in mid- to late June or early July. 

Because entrainment has not been documented at Anderson Ranch Dam, it is difficult to 
quantify the magnitude of any potential effects to the bull trout population.  Partridge et al. 
(2001) documented that at least 10 of 57 bull trout (17.5 percent) tagged in Anderson Ranch 
Reservoir remained there for some portion of the time from July through September.  Based 
on Partridge et al. (2001) findings, we would not expect all bull trout oversummering in the 
reservoir to become entrained.  However, their sample of radio-tagged bull trout was 
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composed mostly of fish greater than 400 millimeters in total length (mostly adults), so 
entrainment of subadult bull trout would have been less likely to be detected.  Because all 
bull trout may not migrate out of the reservoir every year (T. Salow, pers. comm., 2005b) and 
subadult bull trout may spend several years rearing in a reservoir before beginning spawning 
or upstream migrations (Rieman and McIntyre 1993), they are more susceptible to 
entrainment than adults.  It is likely that some bull trout will be entrained over Anderson 
Ranch Dam when the spillway is used; it is also likely that a majority of these fish will be 
subadults that do not make upstream migrations in a given year.  Any potential adverse 
effects to entrained bull trout are further complicated because bull trout in the South Fork 
Boise River below Anderson Ranch Dam would have access to suitable spawning habitat in 
the North and Middle Fork Boise Rivers and would have access to overwintering habitat in 
Arrowrock Reservoir and the South Fork Boise River.  The fish would be expected to 
experience some level of stress or injury but would most likely not be killed. 

2. Payette River Basin 

Deadwood River downstream from Deadwood Dam 

The Deadwood River downstream from Deadwood Dam has a target minimum flow of 50 cfs 
in the fall and winter.  According to Reclamation’s Assessment (2004b), this release is less 
than inflows to Deadwood Reservoir upstream and reduces the overall habitat available to 
bull trout downstream from the dam.  Low winter streamflows may affect bull trout in 
several ways.  Low velocities and streamflows can restrict fish movement, restrict fish 
migration, and reduce available habitat (Reclamation 2004b).  Jimenez and Zaroban (1998) 
concluded that limited flows affect fluvial bull trout populations below Deadwood Dam.  
Reduced flows also result in decreased productive area within the river (Ward and 
Stanford 1979), which may significantly reduce overall stream productivity and habitat 
availability for fish, particularly juveniles (e.g., Mitro 1999).  For example, reduced winter 
flows below Island Park Dam in eastern Idaho’s Henrys Fork system result in negative 
impacts to all aquatic species there during the winter (Van Kirk and Burnett 2004).  Low 
winter streamflows combined with extremely cold weather and the absence of surface ice 
promote the formation of frazil ice, which can plug fish gills (Annear 1987, Carstens 1966 in 
Simpkins et al. 2000).  Frazil ice and the formation of anchor ice may also accentuate the 
loss of aquatic vegetation and invertebrates and may adversely affect the suitability of winter 
habitats for juvenile fish (Simpkins et al. 2000).  Bull trout may avoid the main Deadwood 
River or alter behavior patterns in response to extremely low water temperatures.  We expect 
that low winter flows will adversely affect any bull trout present in the Deadwood River 
downstream from Deadwood Dam. 

Rapid changes in reservoir discharge may adversely affect bull trout and their prey that 
occupy the Deadwood River downstream from Deadwood Dam.  Under the proposed action, 
increasing flows past Deadwood Dam requires implementing certain ramping rates 
(Reclamation 2004d); however, decreasing flows does not have the same requirement.  After 
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the irrigation season, flows from the dam may be decreased from 800 or 1,000 cfs to 50 cfs 
over a very short period; this has resulted in fish being stranded and stream habitat dewatered 
(Reclamation 2004b). 

In addition, regulation at Deadwood Dam has altered the timing of peak flows, which would 
be expected to affect any fluvial bull trout in the system similarly to bull trout below 
Anderson Ranch Dam.  The subsequent inability to optimize metabolic rates and the miscues 
for migration timing may result in decreased fitness (T. Salow, pers. comm., 2005b; King et 
al. 1998; Kaeding and Boltz 2001).  The loss of a natural hydrograph is also likely to affect 
other aquatic species below Deadwood Dam, although the magnitude of this effect is 
unknown. 

Water temperatures in the Deadwood River from Deadwood Dam releases may adversely 
affect fluvial bull trout.  Water released exclusively through the outlet valves of the dam has 
temperatures between 3 and 7 °C year-round.  This likely reduces the ability for adequate 
metabolic function, including growth and reproduction, in most fishes and other aquatic 
fauna (see Marotz and Althen 2004; Ward and Stanford 1979).  Densities of fish and other 
aquatic fauna have been observed to be very low (Allen 1998; Reclamation 2004b).  In 
contrast, the temperature of water released over the dam’s spillway in June could be as high 
as 21 °C.  Under the proposed action, Reclamation will continue to use both the spillway and 
the outlet valves, which will continue to cause temperature fluctuations and reduce the 
overall productivity within the river reach downstream.  Overall, the water temperatures in 
this reach will remain much colder and less variable than comparable watersheds, and this 
will continue to limit productivity. 

It is difficult to quantify the magnitude of the effects to bull trout from year-round low water 
temperatures, low winter streamflows, subsequent low productivity, and the absence of 
down-ramping rates.  There is limited information on the status of bull trout in the Deadwood 
River below Deadwood Dam.  They are thought to occur there, but densities are thought to 
be relatively low.  Movement and migration patterns have not been studied in this system, 
and more information is needed to adequately assess the effects of Reclamation operations in 
the Deadwood River below Deadwood Dam on bull trout. 

Deadwood Reservoir 

Two factors related to the proposed action have the potential to affect adfluvial bull trout at 
Deadwood Reservoir:  water quality limitations and the subsequent reduction in the prey 
base, and entrainment at Deadwood Dam. 

Low reservoir elevations are expected to occur under the proposed action, which may result 
in periods of reduced water quality in late summer and early fall (e.g., decreased dissolved 
oxygen and increased water temperatures) (Reclamation 2004c).  These deteriorated water 
quality conditions are likely to occur when the reservoir is at or below the 50,000-acre-foot 
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conservation pool, which is expected to occur in 7 percent of years (2 of the next 30 years).  
Minimum pool levels are not expected to drop below 40,000 acre-feet.  Minimum pool levels 
at Deadwood Reservoir have not been below 50,000 acre-feet since 1993; however, due to 
the provision for release of additional water for irrigation in dry years (as outlined in the Nez 
Perce Settlement Agreement (2004)), it may occur under the proposed action. 

Reducing the pool in Deadwood Reservoir in the late summer to 50,000 acre-feet or below 
will likely result in dissolved oxygen levels and water temperatures that are unsuitable for 
bull trout (Reclamation 2002b, 2004c).  These conditions may adversely affect both bull trout 
and kokanee salmon, which are an important prey species for bull trout (Vidergar 2000).  
Poor water quality conditions in the late summer are likely to affect any bull trout that may 
be present in the reservoir.  Based on estimates from Anderson Ranch and Arrowrock 
Reservoirs, this is likely 2 to 4 percent of the adfluvial population at Deadwood Reservoir, 
consisting mostly of subadults. 

Entrainment of bull trout at Deadwood Dam has not been documented, although it may occur 
at some low level.  Under the proposed action, Reclamation typically will use the unregulated 
spillway in June or July; this is expected in 35 percent of years (11 of the next 30 years).  In 
these months, most bull trout are likely to be near tributary mouths or migrating up tributaries 
to spawn.  However, as stated above, a small percentage of bull trout that summer in the 
reservoir are likely to be present when the spillway is used.  As we expect for Arrowrock and 
Anderson Ranch Reservoirs, these will likely be mostly subadult fish because they are known 
to oversummer in reservoirs for several years before moving upstream to spawning areas 
(Rieman and McIntyre 1993).  If bull trout were using the reservoir near the spillway, they 
would likely become entrained.  As discussed in the previous section on the Deadwood River 
below Deadwood Dam, operational effects of the proposed action on water temperatures and 
productivity may result in adverse effects to any bull trout that are entrained from the 
reservoir; we expect this may be between 2 and 4 percent of subadult adfluvial bull trout. 

It is difficult to quantify the magnitude of the effects to bull trout from reducing the 
conservation pool or from entrainment because information on the status and trends of bull 
trout in Deadwood Reservoir is limited.  We based this analysis on all existing available 
information.  They are known to occur there, but densities are thought to be relatively low.  
Movement and migration patterns have not been adequately studied in this system, and more 
information is needed to fully assess the effects of Reclamation operations at Deadwood 
Reservoir on bull trout. 

3. Malheur River Basin 

Beulah Reservoir and the North Fork Malheur River 

Under the proposed action, summer drawdown and low fall reservoir levels will continue to 
limit the reservoir’s productivity, discourage growth and reproduction of aquatic 
invertebrates and plants, and limit development and habitat availability to the fish prey base 
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for bull trout.  We do not have information that indicates what minimum reservoir volume 
and elevation support adequate productivity to support overwintering bull trout.  However, 
based on Petersen and Kofoot (2002) and Petersen et al. (2003), the Service asserts that 
2,000 acre-feet likely supports an adequate prey base.  Based on the stated lack of 
information and the findings of Petersen and Kofoot (2002) and Petersen et al. (2003), we 
assume there will likely be adverse effects to productivity and the bull trout prey base below 
2,000 acre-feet.  Irrigation demands will continue to cause severe year-to-year and season-to-
season fluctuations in conditions at and below the reservoir. 

Severe drawdowns at Beulah Reservoir will continue to adversely affect the prey base and 
overwintering conditions for bull trout.  If Beulah Reservoir is emptied in the summer 
months and the prey base is adversely affected, migratory bull trout may return to the 
reservoir only briefly in the fall and then migrate back upstream where the food supply is 
adequate for their survival (Reclamation 2004b).  This represents a significant disruption in 
the normal migratory behavior of adfluvial bull trout in the North Fork Malheur River basin.  
Historical operations for the 1970-to-2003 period of record indicate that reservoir levels at 
Beulah Reservoir will be less than 2,000 acre-feet in 32 percent of years and may be emptied 
to run-of-the-river conditions (approximately 200 acre-feet or less) in 24 percent of years (up 
to 8 of the next 30 years).  Petersen et al. (2003) indicated that the fish community in the 
North Fork Malheur River basin seems to be resilient to repeated reservoir drawdowns, and 
annual recruitment of prey base species from the North Fork Malheur River and Warm 
Springs Creek is significant.  This may help ameliorate some of the adverse effects of 
reservoir fluctuations and drawdowns on the bull trout prey base. 

However, Petersen et al. (2003) also estimated a lag time of 1 to 3 years for some fish species 
to recover following a run-of-river level drawdown.  This implies that multiple years of 
severe drawdown (such as has occurred from 2002 to 2004) may result in more significant 
long-term impacts to the bull trout prey base in Beulah Reservoir.  It is probable that Beulah 
Reservoir will be drawn down to run-of-river conditions in multiple years under the proposed 
action, which may result in significant population-level impacts to adfluvial bull trout in the 
North Fork Malheur River basin.  In years when the reservoir is drawn down below 
2,000 acre-feet, adverse effects to the bull trout prey base are expected, although they would 
not be as great an effect as those years when levels are taken to run-of-river. 

The proposed action incorporates operational changes at Agency Valley Dam that have 
resulted in less water being passed over the spillway since 2000.  This reduced, but has not 
eliminated, entrainment of bull trout over Agency Valley Dam.  Entrainment is still expected 
to occur when total releases are over 650 cfs, the flow at which the valves exceed their 
capacity.  At flows between 650 and 1,000 cfs, entrainment may occur because 350 cfs will 
pass over the spillway.  Any releases over 1,000 cfs must be passed exclusively over the 
spillway.  Some level of entrainment is expected to occur when flows exceed 650 cfs during 
the period when bull trout are using the reservoir (November through June).  Based on 
historical data, this is likely to occur in 5.5 percent of years; flows above 1,000 cfs are 
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expected in 1.5 percent of years.  During those years when the spillway is used, adverse 
effects to bull trout through entrainment are expected.  Schwabe et al. (2000) documented 
entrainment of 2 of 20 tagged bull trout during spillway usage in 1999 (10 percent).  For this 
Opinion, we anticipate similar levels of entrainment when the spillway is used exclusively, 
and a lesser but unknown amount when it is used in coordination with the valves.  Schwabe 
et al. (2001) did not document entrainment of radio-tagged fish in 2000 (after operational 
changes were implemented), although five bull trout were angled in the tailrace below the 
dam.  Any bull trout that are entrained over Agency Valley Dam and are not recaptured and 
transported back to Beulah Reservoir will likely die from the extremely limited stream 
productivity, adverse water quality conditions, and low or no streamflows during the fall and 
winter months in most years. 

Warm Springs Reservoir 

Bull trout are not known to occur in Warm Springs Reservoir.  There is documented use of 
the Malheur River, approximately 35 to 40 river miles upstream from Warm Springs 
Reservoir.  Operations at Warm Springs Reservoir will not affect conditions for bull trout in 
the upper Malheur River, and the proposed action is not expected to adversely affect bull 
trout. 

4. Powder River Basin 

Bull trout have been documented in the Powder River basin; however, they are all thought to 
be resident fish that do not exhibit an adfluvial life history form (Service 2002).  
Reclamation’s operations at Phillip’s Lake (Mason Dam) and Thief Valley Reservoir (Thief 
Valley Dam) are not expected to affect those tributary streams in the Powder River basin 
where bull trout are known to occur, and they are not likely to adversely affect the species. 

5. Snake River from Brownlee Reservoir to the Columbia River and the Columbia 
River below the Snake River Confluence 

The effects of Reclamation’s operations on bull trout downstream from Brownlee Dam are 
difficult to determine.  Idaho Power’s Hells Canyon Complex significantly affects the timing, 
magnitude, and duration of flows in the lower Snake River.  Reclamation’s proposed action 
may decrease inflow to Brownlee Reservoir by as much as 448 cfs in the winter and early 
spring over current operations, and they may increase inflow by as much as 1,100 cfs in July 
in the driest 10 percent of years. 

These operational changes are not likely to have any measurable effect on bull trout or their 
prey base in the Hells Canyon Complex or downstream areas.  Changes to Brownlee 
Reservoir inflows are relatively minor compared to existing inflows.  Brownlee, Oxbow, and 
Hells Canyon Reservoir elevations are not likely to be affected because flow augmentation 
water is passed through the reservoirs without storage.  Flows below Hells Canyon Complex 
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are not likely to be significantly affected; adverse effects to bull trout or their prey base from 
the proposed action are not expected. 

B. Effects of Interrelated or Interdependent Actions 

Interrelated actions are those that are a part of a larger action and depend on the larger action 
for their justification.  Interdependent actions are those that have no independent utility apart 
from the action under consideration.  Interrelated and interdependent actions related to the 
proposed action include diversion of storage water by private individuals and agricultural 
return flows from lands at least partially serviced by storage water, Reclamation-owned 
canals, or other delivery sources.  However, within these basins, bull trout occur at 
Reclamation’s reservoirs and in the stream systems above.  These areas are high in the 
systems and are not affected by withdrawals of storage water or by irrigation return flows. 

C. Cumulative Effects 

Cumulative effects include the effects of future State, tribal, local, or private actions that are 
reasonably certain to occur in the action area.  This section does not consider future Federal 
actions that are unrelated to the proposed action because they require separate consultation 
pursuant to section 7 of the Act.  Bull trout in the action area are distributed primarily on 
Federal lands or at Reclamation facilities.  However, private and state activities and 
management programs may affect bull trout or their habitat in some areas. 

As with interrelated and interdependent activities, most private irrigation withdrawals (from 
instream natural flow rights) occur downstream from known bull trout populations.  In the 
Boise River basin, there are some private diversions upstream from Lucky Peak Dam.  
However, these are small diversions (less than 1 cfs) along tributary streams that remove an 
estimated 50 cfs from the system annually (Reclamation 2004b). 

The North Fork Malheur River upstream from Beulah Reservoir has three unscreened private 
diversions that operate during periods when bull trout are migrating through the area (both 
upstream and downstream).  Telemetry studies have shown that these diversions either delay 
the migration of bull trout or likely result in bull trout mortality through entrainment into an 
unscreened diversion (Schwabe et al. 2000).  Additionally, push-up dams that are constructed 
in the North Fork Malheur River above Beulah Reservoir to divert water into irrigation 
canals or onto irrigated fields have been found to delay post-spawning bull trout migration 
and have likely resulted in bull trout being entrained into those canals or fields.  These 
unscreened facilities do not meet State of Oregon standards for diversions, and the failure to 
remove push-up dams after irrigation season is contrary to State law. 

Fisheries management actions, such as stocking, angling regulations, and enforcement, may 
adversely affect prey species and bull trout populations.  The States of Idaho and Oregon 
conduct fisheries management actions, including harvest regulation and stocking, in the 
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Boise, Payette, Powder, and Malheur River watersheds.  The demand for recreational 
opportunities in the Boise, Payette, and Malheur River basins is expected to increase as local 
population centers in the Treasure Valley continue to increase and expand.  Human 
population increases result in additional pressures on reservoir and stream fishing in the 
action area.  Angling can directly affect bull trout through poaching or the inability of anglers 
to properly identify and release bull trout (Salow and Hostettler 2004; Reclamation 2004b). 

The Service (2002) identified in detail those activities that occur in the basin that would be 
considered cumulative effects for purposes of this consultation.  We have fully considered 
those activities and their continued influence on bull trout in the action area. 

IV. Conclusion 
After reviewing the current status of bull trout, the environmental baseline for the action area, 
the effects of the proposed action, and the cumulative effects, it is the Service’s Opinion that 
the action, as proposed, is not likely to jeopardize the continued existence of bull trout in the 
Columbia River distinct population segment.  Critical habitat for this species has been 
designated in some areas of the Columbia River basin; however, this action does not affect 
any areas included in that designation. 

The proposed action is likely to adversely affect fluvial and adfluvial bull trout populations in 
the Boise, Payette, and Malheur River basins.  We anticipate adverse effects associated with 
reservoir level fluctuations, water quality, and entrainment at Arrowrock, Anderson Ranch, 
Deadwood, and Beulah Reservoirs under the proposed action.  We anticipate adverse effects 
associated with low winter streamflows and year-round unnaturally cold temperatures in the 
Deadwood River below Deadwood Dam.  The continuation of an altered hydrograph is likely 
to affect the physiology of migrating bull trout below Anderson Ranch and Deadwood Dams 
and will adversely affect the ecological systems and productivity below Anderson Ranch, 
Deadwood, and Agency Valley Dams.  Some of the expected effects are likely to occur every 
year under the proposed action, and some are likely to occur only rarely over the next 
30 years. 

In the Boise and Payette River basins, Reclamation’s continued operations are not likely to 
appreciably reduce the likelihood of bull trout survival, although the likelihood of recovery 
will be diminished.  Reclamation’s proposed action is likely to result in mortality or harm to 
some but not all bull trout, and viable populations are expected to persist in the Boise and 
Payette River basins.  The action will not affect bull trout populations in the Middle Fork 
Payette River, upper South Fork Payette River, upper Deadwood River, Squaw Creek, and 
several tributaries in the Boise River basin (e.g., Queens River and Yuba River).  We expect 
resident and fluvial bull trout will persist in these areas.  The long-term sustained effects 
under the proposed action will continue to limit bull trout reproduction and numbers in some 
areas of the Boise and Payette River basins and will not likely support the recovery of bull 
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trout there under current conditions.  It is likely that bull trout in the Boise River basin, 
including the Arrowrock, and Middle and North Fork Boise River populations, will show 
resiliency to effects and persist into the future (B. Rieman, pers. comm., 2005).  Bull trout in 
the Payette River basin will also persist. 

Bull trout in the Boise River basin are most closely evolutionarily associated with 
populations in the North Fork Malheur River and Jarbidge River basins (excluding one 
population on the Grande Ronde River) (see Spruell et al. 2003).  Genetic information on the 
Payette River populations has not been collected, and their contribution to genetic variability 
of the species is not known.  However, W. Ardren (pers. comm., 2005) indicated that given 
the location of the Payette River basin and its likely colonization by individuals of the same 
group that founded other populations in this part of the range (e.g., Boise River), it is 
reasonable to expect that the Payette River basin would genetically cluster with the Boise, 
North Fork Malheur, and Jarbidge River populations.  We expect bull trout populations in the 
Boise and Payette River basins to persist, and they will continue to contribute to the genetic 
variability of bull trout within the Snake River Conservation Unit and the larger Columbia 
River distinct population segment. 

Conversely, the North Fork Malheur River basin population of bull trout is considered very 
weak; numbers have continued to decline, and its long-term persistence is questionable.  
Operations at Beulah Reservoir play a large role in conditions in the basin for bull trout, 
although natural weather patterns, cumulative effects, and genetic influences are also 
significant for bull trout.  Over the next 30 years, it is possible that bull trout will become 
extirpated from the North Fork Malheur River basin.  If this occurs, it would be the result of 
multiple factors attributing to continued decline.  Reclamation’s proposed action diminishes 
the likelihood that bull trout in the North Fork Malheur River will survive and maintain the 
ability to recover. 

Genetic information regarding the North Fork Malheur River population indicates that it 
forms a cluster with other populations on the southern extreme of the species’ range (Boise 
River, Jarbidge River) (Spruell et al. 2003) and potentially the Payette River basin 
(W. Ardren, pers. comm., 2005).  Populations of bull trout in the Boise and Payette River 
basins will persist into the future, and our assumption is that they will continue to represent 
genetic variability found in that discrete cluster within the Snake River Conservation Unit.  
Populations of bull trout in the Jarbidge River basin are considered weak, and the likelihood 
of their persistence is unknown. 

Whitesel et al. (2004) suggested that an effective population size of at least 5,000 bull trout is 
necessary to ensure the evolutionary persistence of the Snake River Conservation Unit, and 
subsequently, the larger Columbia River distinct population segment.  The Snake River 
Conservation Unit includes populations from 14 watersheds, including robust populations in 
the Salmon, Clearwater, Umatilla/Walla Walla, and Imnaha/Snake River basins.  Although 
we do not have reliable abundance estimates for all populations within these basins, 
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information from the draft recovery plan for bull trout and other information indicated that at 
least 10,000 adult fish exist within these basins collectively. 

Based on Rieman and Allendorf’s (2001) recommendation for calculating effective 
populations size, there will continue to be an effective population size of at least 5,000 within 
the Snake River Conservation Unit over the term of the proposed action.  This will ensure the 
survival of bull trout in the Snake River Conservation Unit and in the larger Columbia River 
distinct population segment for the next 30 years. 

V. Incidental Take Statement 
Section 9 of the Act and Federal regulation pursuant to section 4(d) of the Act prohibit the 
take of endangered and threatened species, respectively, without special exemption.  Take is 
defined as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to 
attempt to engage in any such conduct.  The Service further defines harm to include 
significant habitat modification or degradation that results in death or injury to listed species 
by significantly impairing essential behavioral patterns, including breeding, feeding, or 
sheltering.  The Service defines harass as intentional or negligent actions that create the 
likelihood of injury to listed species to such an extent as to significantly disrupt normal 
behavior patterns which include, but are not limited to, breeding, feeding, or sheltering.  
Incidental take is defined as take that is incidental to, and not the purpose of, the carrying out 
of an otherwise lawful activity.  Under the terms of section 7(b)(4) and section 7(o)(2), 
taking that is incidental to and not intended as part of the agency action is not considered to 
be prohibited taking under the Act provided that such taking is in compliance with the terms 
and conditions of this incidental take statement. 

The measures described below are non-discretionary and must be undertaken by Reclamation 
so that they become binding conditions of any grant or permit issued, as appropriate, for the 
exemption in section 7(o)(2) to apply.  Reclamation has a continuing duty to regulate the 
activity covered by the incidental take statement.  If Reclamation fails to assume and 
implement the terms and conditions, the protective coverage of section 7(o)(2) may lapse.  In 
order to monitor the impact of incidental take, Reclamation must report the progress of the 
action and its impact on the species to the Service as specified in the incidental take 
statement (50 CFR §402.14(i)(3)). 

A. Amount or Extent of Take Anticipated 

The Service anticipates that take in the form of death, harm, and harassment is reasonably 
certain to occur as a result of the proposed action.  The following level of take of this species 
can be anticipated by existing information documenting effects to radio-tagged bull trout, 
weir operations, and best professional judgment and visual observations of fisheries 
managers and biologists in the action area. 
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1. Arrowrock Dam and Reservoir 

As a result of operations at Arrowrock Reservoir in the Boise River basin, we anticipate that 
take of bull trout in the form of death, harm, and harassment is reasonably certain to occur.  
We anticipate death, harm, and harassment of bull trout in all years that mean daily reservoir 
elevations from September 15 through October 31 (the post-spawning migration period for 
bull trout in this area) drop below elevation 3,100 feet.  This is expected to occur in 
60 percent of years (18 of the next 30 years).  We expect continued death from predation in 
the shallow, braided stream areas.  We expect harm and harassment as a result of severe 
channel degradation to the extent that cover habitat is not available and the likelihood of 
sloughing banks is increased.  Based on the best information available, we anticipate that no 
more than 20 percent of the adfluvial bull trout population, as averaged over any 
5 consecutive years, will be taken when reservoir elevations drop below 3,100 feet during the 
migration period.  It is not possible to distinguish the proportions of this 20 percent that we 
expect to be death, harm, or harassment.  It is reasonably certain that a greater proportion will 
be harassment, although we are not able to quantify this. 

We also anticipate death or harassment to bull trout that are entrained from Arrowrock 
Reservoir to Lucky Peak Reservoir.  Entrainment is likely to occur in all years under the 
proposed action, although the amount of take expected will vary.  Entrainment in the summer 
months when water is being diverted (July through September), which is expected to occur in 
all years, will result in take of 2 percent of the adfluvial bull trout population at Arrowrock 
Reservoir and will consist mostly of subadults.  Entrainment during the winter months when 
the majority of the bull trout population is present will likely occur in 65 percent of years (20 
of the next 30 years).  We only expect take of bull trout that are in the reservoir; a large 
portion of the population (estimated up to 50 percent) overwinters primarily in the South 
Fork Boise River downstream from Anderson Ranch Dam.  Based on the best information 
available, we anticipate that take of bull trout during winter operations due to entrainment 
will vary between 2 and 7 percent of bull trout in the reservoir, and that the average 
entrainment rate will not exceed 5 percent annually over any consecutive 5-year period. 

The spillway at Arrowrock Dam is likely to be used in 50 percent of years (15 of the next 
30 years) and will be used 20 percent of the time during the March through June period in 
those 15 years, primarily during June.  Depending on the conditions during entrainment, fish 
stress may be high, and death may occur, or breeding behavior may be significantly disrupted 
due to removal of bull trout from available spawning habitat upstream from Arrowrock Dam.  
Based on entrainment studies in 2002 and 2003, we anticipate that entrainment will vary 
between 4 and 16 percent (but will not exceed an average of 8 percent annually over any 
consecutive 5-year period) of the adfluvial population of bull trout at Arrowrock Reservoir 
each year of the 15 years when entrainment is expected to occur. 

We anticipate take of bull trout in the form of harm and harassment from water operations at 
Arrowrock Reservoir that result in fast, severe drawdowns immediately following refill, and 
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prolonged periods of low reservoir elevation and volume during the irrigation season.  These 
operations result in low reservoir productivity and a decreased prey base for bull trout.  
Increased competition for prey and increased energy requirements during foraging likely 
result in significant disruptions of normal feeding patterns, which may result in injury 
through increased stress levels or death through starvation (increased metabolic rates and 
energy expenditure, coupled with decreased caloric intake).  Additionally, if the effects 
described above are sub-lethal, bull trout may experience decreased fitness levels, 
subsequently affecting normal breeding patterns.  We expect these adverse effects to occur in 
approximately 10 percent of years when drawdowns are severe (end of June reservoir volume 
less than 200,000 acre-feet; end of July reservoir volume less than 200,000 acre-feet) and 
begin early when reservoir productivity would be the highest (June and July when the period 
of sunlight is longest).  It is likely that these operations will result in sub-lethal adverse 
effects to all fish that overwinter exclusively in Arrowrock Reservoir but to no more than 
50 percent of the Middle and North Fork Boise River populations.  Some of these fish will 
experience sub-lethal effects. 

2. Anderson Ranch Dam and Reservoir 

As a result of operations at Anderson Ranch Dam, we anticipate take in the form of 
harassment to bull trout in the South Fork Boise River downstream from the dam.  Directed 
flows, ramping rates, and temperature spikes resulting from spillway discharges and the 
alteration of the natural flow regime at Anderson Ranch Dam may cause increased metabolic 
rates and late or early migration to spawning areas, which likely lead to reduced fitness.  The 
effects of the altered flow regime are expected to occur in all years, although they will be 
more severe when the spillway is used.  Spillway discharges are likely to occur at Anderson 
Ranch Dam in 6 of the next 30 years.  Spillway discharges are likely to significantly disrupt 
the timing of migration and potentially spawning, although it is not known whether this 
disruption will result in failed reproduction in individual bull trout.  We expect harassment to 
all adult bull trout in the South Fork Boise River below Anderson Ranch Dam that would 
likely migrate to spawning areas but to no more than 50 percent of the spawning population 
from the North and Middle Fork Boise Rivers.  All of these effects are likely to be sub-lethal 
in nature.  For this 50 percent of the population, some proportion of those fish are also 
anticipated to be taken due to operations at Arrowrock Reservoir (see the above paragraphs).  
The movement patterns of Middle and North Fork Boise River bull trout make it possible for 
both facilities to affect some fish.  Their use of both Arrowrock Reservoir and the South Fork 
Boise River potentially in the same year make it difficult to isolate the effects to one facility 
or the other, and this makes it difficult to determine which is more likely to adversely affect 
an individual bull trout.  We do not anticipate that the incidental take described in this and 
the previous paragraphs will apply to the same 50 percent of the Middle and North Fork 
Boise River spawning population, although there will be some overlap. 

Entrainment has not currently been documented at Anderson Ranch Dam, and there is no 
information to indicate what percent of the population has the potential to be taken during 
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spillway use.  However, we are reasonably certain that some take will occur because water 
that is released over the spillway flows freely without barriers, and a portion of the Anderson 
Ranch Reservoir adfluvial population is likely to be present in the reservoir when the 
spillway is used (Salow, pers. comm., 2005b; Partridge et al. 2001).  In the absence of 
additional information, we anticipate entrainment of no more than 10 percent of the adfluvial 
population of bull trout in Anderson Ranch Reservoir in any of the 6 total years over the next 
30 years that the spillway at the dam will be used under the proposed action.  This estimate is 
not based on quantitative information and is conservative.  These fish will likely be injured 
and will be displaced but are not likely to be killed due to the lack of apparatus that could 
cause impingement and the availability of suitable habitat downstream. 

In Anderson Ranch Reservoir, we anticipate take of bull trout in the form of harm.  When 
reservoir volume falls below 62,000 acre-feet, water quality conditions are likely to degrade 
to the point that the reservoir is not suitable for bull trout.  This is likely to occur in 2 of the 
next 30 years.  Effects from this reservoir volume are likely to occur during the summer 
months when few bull trout are likely to be present in the reservoir.  We expect that up to 
4 percent (as stated in Reclamation 2004a) of the adfluvial population in Anderson Ranch 
Reservoir may be present and harmed by these water quality conditions when they occur. 

3. Deadwood Dam and Reservoir 

As a result of operations at Deadwood Dam, we anticipate take of bull trout in the form of 
death, harm, and harassment is reasonably certain to occur in the Deadwood River 
downstream from the dam.  Low winter flows will also limit aquatic insect production and 
may restrict bull trout movement, restrict migration, and reduce available habitat for 
overwintering fish.  Low winter streamflows combined with extremely cold weather and the 
absence of surface ice are likely to result in conditions that may plug bull trout gills, resulting 
in death or harassment.  Additionally, directed flows and temperature spikes from spillway 
discharges at Deadwood Dam may cause increased metabolic rates and cause early or late 
migration to spawning areas, which likely leads to reduced fitness.  Spillway discharges are 
likely to occur at Deadwood Dam in 11 of the next 30 years (35 percent).  Spillway 
discharges are likely to significantly disrupt the timing of migration and potentially 
spawning, although it is not known whether this disruption will result in failed reproduction 
in individual bull trout.  Low water temperatures year-round from deep water releases likely 
significantly reduce the ability of bull trout to maintain metabolic function, subsequently 
affecting growth and reproduction.  This also applies to other aquatic fauna and fishes that 
would support an adequate prey base for bull trout.  Finally, the absence of down-ramping 
rates at Deadwood Dam may result in fish being stranded and habitat dewatered.  This may 
affect both bull trout and the prey base.  All of these factors are expected to significantly 
affect all bull trout that inhabit the Deadwood River downstream from Deadwood Dam.  The 
Service anticipates that all bull trout in the Deadwood River below the dam will be subjected 
to sub-lethal incidental take in the form of harm, harassment, or injury throughout the year 



Incidental Take Statement Bull Trout – Chapter 9 

March 2005 U.S. Fish and Wildlife Service 255 

when streamflows are very low, temperatures are below normal, and when those conditions 
occur in combination. 

In Deadwood Reservoir, we anticipate take of bull trout in the form of harm and harassment.  
Under the proposed action, the reservoir pool may be reduced below the conservation pool 
level of 50,000 acre-feet in 7 percent of years.  When this occurs, water quality is likely to 
deteriorate and potentially become unsuitable for bull trout.  The reservoir will be at its 
lowest level during the summer and early fall months under the proposed action when most 
adfluvial bull trout will not be present.  However, based on known movement patterns in the 
Boise River basin, we expect some of the subadult bull trout in the reservoir to remain there 
over the summer.  We expect that 2 to 4 percent of the adfluvial population of bull trout in 
Deadwood Reservoir will experience conditions that significantly impair normal movements 
and feeding patterns during years that the reservoir volume falls below 50,000 acre-feet.  We 
also anticipate that any fish present in the reservoir during June or July (likely 2 to 4 percent 
of the adfluvial population) may be harassed through entrainment at Deadwood Dam when 
the spillway is used to pass flows (11 of the next 30 years). 

4. Agency Valley Dam and Beulah Reservoir 

At Beulah Reservoir, we anticipate take of bull trout in the form of harassment, harm, and 
death.  In the 32 percent of years (10 of the next 30 years) when the reservoir volume at 
Beulah Reservoir is reduced below 2,000 acre-feet, we expect reductions in prey availability 
for bull trout returning to overwinter in the reservoir.  Any prey that is available will be more 
difficult for individual bull trout to capture, due to increased competition for resources and 
the reduced fitness of individual bull trout.  In 24 percent of years (8 of the next 30 years) 
when Beulah Reservoir is emptied to run-of-river conditions, it is likely that the prey base 
will become extremely weak, and any bull trout that return to the reservoir to overwinter will 
migrate back upstream to overwinter in the North Fork Malheur River.  This will likely result 
in increased metabolic energy expenditures and decreased survival probability and fitness.  
These effects will be further exacerbated in multiple consecutive years of drawdown when 
the prey base is not able to recover.  In years when the reservoir is drafted below 2,000 acre-
feet, we anticipate that all adfluvial migratory bull trout in the North Fork Malheur River 
basin will be taken due to lack of prey and potentially starvation, changed migratory pattern, 
and reduced fitness.  During the years when Beulah Reservoir is emptied, we also anticipate 
that all adfluvial migratory bull trout in the North Fork Malheur River basin will be taken due 
to lack of prey and potential starvation, changed migratory pattern, and reduced fitness.  
When the reservoir is emptied, we expect a greater proportion of take in the form of death; 
when the reservoir is drafted below 2,000 acre-feet, we anticipate a greater proportion of sub-
lethal effects.  It is important to note that some of these fish will experience sub-lethal 
effects, and the same fish may experience harassment due to the proposed action in multiple 
years. 
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The Service anticipates that take of bull trout in the form of harassment or mortality will 
occur when the spillway at Agency Valley Dam is used when entrainment may occur.  Any 
fish entrained that are not captured and returned to Beulah Reservoir will likely die due to 
conditions in the river below the dam.  The spillway is likely to be used in coordination with 
the valves in 5.5 percent of years (1.65 of the next 30 years, or approximately 2 years of 
occurrence), and it will be used exclusively in 1.5 percent of years (0.45 of the next 30 years, 
or approximately 1 year of occurrence).  During the 1 year that the spillway is used 
exclusively, we anticipate potential take of up to 10 percent of the adfluvial population of 
bull trout above Agency Valley Dam.  In the 2 years that the spillway will be used in 
coordination with the valves, we expect a lesser amount.  However, because we do not have 
information to determine what level of entrainment should be anticipated, we will 
conservatively assume that it is equal to that observed when the spillway is used on its own.  
We anticipate take of up to 10 percent of the population during the 2 additional years that the 
spillway may be used. 

B. Effect of the Take 

In the preceding Opinion, the Service has determined that the level of take anticipated as a 
result of the proposed action is not likely to jeopardize the Columbia River distinct 
population segment of bull trout.  Although the proposed action may reduce the reproduction, 
status, and distribution of bull trout in the action area, it will not appreciably reduce the 
likelihood of survival and recovery of the Columbia River distinct population segment. 

Take of bull trout in the Boise River basin will likely continue to occur at levels similar to 
those documented (excluding extreme mortality rates in 2003).  Population numbers in the 
Boise River basin seem to be in decline from a number of factors related to drought, the now-
complete Arrowrock Dam valve replacement project, and operations at Arrowrock Reservoir.  
Arrowrock and Anderson Ranch Reservoirs, and the South Fork Boise River downstream 
from Anderson Ranch Dam, will continue to support adfluvial and fluvial bull trout.  Over 
the term of the action, the population may become stable or may remain in decline.  We 
expect that the proposed action will affect overall numbers and distribution of bull trout in 
the Boise River basin but will not lead to extirpation of any populations. 

In the Payette River basin, we anticipate take above and below Deadwood Dam.  Populations 
there likely occur at low densities, and the proposed action and incidental take anticipated 
may exacerbate a continued decline in the species in this area.  However, relatively strong 
populations of bull trout will continue to exist in the Payette River basin, including 
populations in the South Fork Payette River, Middle Fork Payette River, and tributaries to the 
Deadwood River below Deadwood Dam (i.e., Warm Springs and Scott Creeks).  The 
proposed action may adversely affect distribution and abundance of bull trout in some 
populations within the Payette River basin, but the action will not affect other populations. 
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The weak and declining population of bull trout in the North Fork Malheur River basin will 
likely continue to decline during the period of this proposed action.  We expect the proposed 
action will adversely affect the numbers, distribution, and reproduction of bull trout in the 
North Fork Malheur River basin.  This population may be extirpated over the term of the 
proposed action due to Reclamation’s proposed action and other factors. 

The proposed action is likely to have significant, long-term adverse effects to bull trout in the 
action area.  However, Reclamation’s effects in the Boise, Payette, and Malheur River basins 
are not likely to appreciably reduce the likelihood of survival and recovery of bull trout in the 
Columbia River distinct population segment. 

C. Reasonable and Prudent Measures 

Regulations for section 7 consultation (50 CFR §402.14(i)) require that the Service’s 
incidental take statement “specifies those reasonable and prudent measures that the Director 
considers necessary or appropriate to minimize” take of listed species that is anticipated in 
the Opinion.  The regulations further require that terms and conditions be set forth that “must 
be complied with to implement the measures.”  The regulations go on to state that the 
reasonable and prudent measures and terms and conditions “cannot alter the basic design, 
scope, duration, or timing of the action and may involve only minor changes.”  Due to the 
nature of Reclamation’s proposed action, we anticipate some incidental take that cannot be 
minimized through any reasonable and prudent measures because minimization could not 
occur without substantial changes in Reclamation’s operations. 

The Service concludes that the following reasonable and prudent measures are necessary and 
appropriate to minimize take of bull trout resulting from implementation of Reclamation’s 
proposed action: 

1. Implement measures to minimize the effect and/or amount of take associated with 
operation of Arrowrock Dam. 

2. Implement measures to minimize the effect and/or amount of take associated with 
operation of Anderson Ranch Dam. 

3. Implement measures to minimize the effect and/or amount of take associated with 
operation of Deadwood Dam. 

4. Implement measures to minimize the effect and/or amount of take associated with 
operation of Agency Valley Dam. 

The reasonable and prudent measures, with their implementing terms and conditions, are 
designed to minimize the impact of incidental take that might otherwise result from the 
proposed action.  If, during the course of the action, the level of anticipated incidental take is 
exceeded, such incidental take represents new information requiring reinitiation of 
consultation and review of the reasonable and prudent measures provided.  Reclamation must 
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immediately provide an explanation of the causes of the taking and review with the Service 
the need for possible modification of the reasonable and prudent measures.  Also, if during 
the course of this action, the projects do not operate in a fashion consistent with the proposed 
action, Reclamation must reinitiate consultation with the Service to assess any unforeseen 
effects to the species covered in this Opinion. 

D. Terms and Conditions 

In order to be exempt from the prohibitions of section 9 of the Act, Reclamation must 
comply with the following terms and conditions, which implement the reasonable and 
prudent measures described above and outline required reporting/monitoring requirements.  
These terms and conditions are non-discretionary.  Implementation of all terms and 
conditions below, including those that result in a future action that is not presently defined, 
shall be consistent with regulations for section 7 consultation (50 CFR §402). 

1.  Implement measures to minimize the effect and/or amount of take associated with 
operation of Arrowrock Dam. 

1.a.  Within the range of proposed operations, decrease the frequency, duration, and extent of 
drawdowns below 3,100 feet in Arrowrock Reservoir during the fall migratory period 
(September 15 to October 31) in order to reduce the level of take of bull trout from habitat 
loss and death from predation. 

1.b.  Within the range of proposed operations, decrease the rate and extent of drafting at 
Arrowrock Reservoir during the summer months (June through September) to minimize 
harm associated with reduced reservoir productivity and reduced prey abundance that result 
from extreme drawdown of Arrowrock Reservoir. 

1.c.  Minimize conditions that increase the risk of entrainment of bull trout through clamshell 
outlet conduits in Arrowrock Dam.  Within the range of operations described in the proposed 
action, reduce the frequency and duration of conditions (associated with reservoir elevation 
and discharge rates) that result in harassment, injury, and death of bull trout entrained 
through the dam. 

1.d.  Implement a trap-and-haul program below Arrowrock Dam.  Transport to and release all 
captured or trapped bull trout in Arrowrock Reservoir.  Trapping should take place in late 
spring when bull trout cue to spawn and will likely stage to move upstream below the dam.  
Trap and haul bull trout in all years when conditions under which entrainment is expected are 
met.  Reclamation and the Service will work together to develop agreed-upon protocol and 
guidelines for implementing the trap-and-haul program.  All injury and death of bull trout 
associated with trapping and transporting from Lucky Peak Reservoir to Arrowrock 
Reservoir are covered under a permit issued to Reclamation by the Idaho Department of Fish 
and Game for purposeful take (permit number F-10-99). 
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1.e.  Minimize the frequency, duration, and extent of discharge of water over the spillway at 
Arrowrock Dam to avoid and reduce the effects of entraining bull trout. 

2.  Implement measures to minimize the effect and/or amount of take associated with 
operation of Anderson Ranch Dam. 

2.a.  Determine and implement ramping rates for both increases and decreases of flows that 
reduce harassment and harm of bull trout in the South Fork Boise River below Anderson 
Ranch Dam.  Cooperate with the Service to develop a strategy for ramping rates associated 
with the action as proposed.  This term and condition shall be implemented no later than 
March 31, 2012. 

2.b.  Determine whether there is flexibility within the action as proposed to manage flows 
from Anderson Ranch Reservoir, particularly during the spring, to minimize harassment 
associated with disruption of bull trout biological processes, particularly migratory cues.  
Cooperate with the Service to identify and implement any actions that can be taken to 
associate with this term and condition.  Efforts associated with this term and condition shall 
be completed by March 31, 2012. 

3.  Implement measures to minimize the effect and/or amount of take associated with 
operation of Deadwood Dam. 

3.a.  Determine whether there is flexibility within the action as proposed to operate 
Deadwood Dam to reduce the effects to bull trout when winter streamflows in the Deadwood 
River below Deadwood Dam are less than inflows to Deadwood Reservoir upstream.  
Cooperate with the Service to identify and implement any actions that can be taken to 
facilitate winter flows that more closely approximate reservoir inflows to reduce effects to 
bull trout.  This term and condition shall be implemented no later than March 31, 2014. 

3.b.  Determine whether there is flexibility within the action as proposed to operate 
Deadwood Dam to reduce harm and harassment of bull trout associated with extreme low 
temperatures in the river below the dam.  Cooperate with the Service to identify and 
implement any actions that can be taken to increase water temperatures from their present 
range of 3 to 7 °C to a range that better supports an adequate and diverse prey base for bull 
trout.  Efforts associated with this term and condition shall be completed by March 31, 2014. 

3.c.  Determine and implement ramping rates for both increases and decreases of flows that 
reduce harassment and harm of bull trout in the Deadwood River below Deadwood Dam.  
Cooperate with the Service to develop a strategy for ramping rates associated with the action 
as proposed.  This term and condition shall be implemented no later than March 31, 2014. 

3.d.  Determine whether there is flexibility within the action as proposed to manage flows 
from Deadwood Dam, particularly during the spring, to minimize take (harassment) 
associated with disruption of bull trout biological processes, particularly migratory cues.  
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Cooperate with the Service to identify and implement any actions that can be taken to 
associate with this term and condition.  Efforts associated with this term and condition shall 
be completed by March 31, 2014. 

3.e.  Minimize the frequency, duration, and extent of discharge of water over the spillway at 
Deadwood Dam to avoid and reduce the effects of entraining bull trout.  If, in implementing 
actions for terms and conditions 3a through 3d, the risk of entrainment changes, coordinate 
with the Service to determine the feasibility of this term and condition. 

4.  Implement measures to minimize the effect and/or amount of take associated with 
operation of Agency Valley Dam. 

4.a.  Reduce the frequency and extent of drawdown of Beulah Reservoir to reduce harm and 
harassment associated with reduced or eliminated prey.  Coordinate with the Service 
annually in implementing this Term and Condition until the parties reach agreement on a 
specific pool volume that would be a target level to minimize take effects from reservoir 
drawdown.  Work to identify that target reservoir elevation should be completed by 
March 31, 2010. 

4.b.  When conditions preclude maintaining water levels that will support a viable bull trout 
prey base, Reclamation shall work with the Service and other parties to explore opportunities 
to reduce take by supplementing the food base by stocking Beulah Reservoir with fish 
species suitable as prey for bull trout.  Stocking of additional fish to supplement the bull trout 
prey base shall be done in every year that Beulah Reservoir is reduced below the level 
identified as part of Term and Condition 4.a. 

4.c.  Work with the Service and other willing participants to identify and implement any 
potential mechanism available to reduce the effects of anticipated take of bull trout from 
reservoir drawdown for the duration of the action.  The mechanism shall be consistent with 
Reclamation authorities and capabilities, shall be carried out in cooperation with interested 
parties and willing participants, and should ensure that reservoir drawdown does not go 
below a level sufficient to maintain some habitat for bull trout prey.  Efforts associated with 
this term and condition shall be completed by March 31, 2010. 

4.d.  For the term of the proposed action, continue all existing efforts to trap and return bull 
trout that are entrained at Agency Valley Dam back to Beulah Reservoir or the North Fork 
Malheur River upstream from the dam.  Maintain all protocols aimed at minimizing the 
likelihood of injury during this effort and maintain the existing scale and scope of the effort.  
Efforts to move bull trout shall take place in all years when the spillway is used at Agency 
Valley Dam. 
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E. Reporting Requirements 

When incidental take is anticipated, the terms and conditions must include provisions for 
monitoring to report the progress of the action and its impact on the species 
(50 CFR §402.14(i)(3)).  We have anticipated take based on occurrences (number of years) 
of some particular flow and reservoir conditions and percentage of known populations.  
Reclamation shall implement a monitoring program to ensure that the levels of anticipated 
take defined within this incidental take statement are not exceeded. 

Reclamation shall develop a draft incidental take monitoring plan and provide it to the 
Service by December 31, 2005, for review, comment, and approval.  The objective of this 
plan, at a minimum, is to define how Reclamation proposes to monitor bull trout take to 
ensure that Reclamation does not exceed the take exemption, or, if they do exceed the take 
exemption, to reinitiate consultation.  Implementation of this plan shall begin as soon as the 
plan is approved and needs to focus on quantifying as much of the incidental take as is 
feasible.  The Service recognizes that incidental take of aquatic species such as bull trout is 
difficult to monitor.  Also, it may not be feasible to monitor all project activities because of 
the numerous Project facilities that result in incidental take.  The Service will determine what 
is reasonable, based in part on Reclamation’s analysis of what incidental take can be 
monitored.  Additionally, the Service recognizes that bull trout populations in the area of 
several project facilities (i.e., Arrowrock Dam and Reservoir, Agency Valley Dam and 
Beulah Reservoir) are in decline, and individual fish have been severely stressed both by 
natural conditions and by research efforts associated with other projects (e.g., the Arrowrock 
Dam valve replacement project).  In those areas where bull trout research efforts have been in 
place, Reclamation shall maintain reasonable monitoring efforts that do not result in further 
bull trout declines. 

For the term of the proposed action, Reclamation shall provide the Service with an annual 
report no later than December 31 of each calendar year.  This report shall include all 
incidental take monitoring efforts and results from the previous year and a progress report 
detailing efforts and the implementation status of all Reasonable and Prudent Measures/
Terms and Conditions required in this Opinion.  Annual reports will be sent to the Snake 
River Fish and Wildlife Office in Boise, Idaho.  If Reclamation determines that authorized 
incidental take is exceeded, this office and the Service’s law enforcement office in Boise, 
Idaho, must be notified.  Reclamation will be responsible for ensuring that its licensees, 
contractors, or designees do not exceed authorized incidental take levels. 

Upon locating a dead, injured, or sick specimen of an endangered or threatened species, 
initial notification must be made to the nearest Service Law Enforcement Office.  For this 
consultation, contact the Boise, Idaho, Law Enforcement Office at (208) 378-5333.  Care 
should be taken in handling sick or injured specimens to ensure effective treatment and care 
and in handling dead specimens to preserve biological material in the best possible state for 
later analysis of cause of death.  In conjunction with the care of sick or injured endangered 



Chapter 9 – Bull Trout Conservation Recommendations 

262 U.S. Fish and Wildlife Service March 2005 

species or preservation of biological materials from a dead animal, the finder has the 
responsibility to ensure that evidence intrinsic to the specimen is not unnecessarily disturbed. 

The Service is to be notified within 3 working days of the finding of any endangered or 
threatened species found dead or injured in the project area.  Notification must include the 
date, time, and precise location of the injured animal or carcass, and any other pertinent 
information.  The Service contact for this notification is Michael Morse of the Snake River 
Fish and Wildlife Office at (208) 378-5261. 

VI. Conservation Recommendations 
Section 7(a)(1) of the Act, as amended, directs Federal agencies to use their authorities to 
further the purposes of the Act by carrying out conservation programs for the benefit of 
endangered and threatened species.  Conservation Recommendations are discretionary 
agency activities that minimize or avoid adverse effects of a proposed action on listed species 
or critical habitat, help implement recovery programs, or develop information. 

1. Cooperate with others to develop and assess scientific information about status, 
distribution, population ecology, and threats to bull trout. 

2. Cooperate with the Service, Tribes, Forest Service, Idaho Department of Fish and 
Game, Oregon Department of Fish and Wildlife, and others to conduct conservation 
assessments for bull trout in the Boise, Payette, and Malheur River basins.  Tasks in 
this effort should include:  evaluating status and distribution over time, assessing 
local and broader threats to the species, and phylogeographic/genetic research to 
evaluate the relative contribution of bull trout to regional diversity.  For example, 
participate in funding and conducting appropriate studies to obtain genetic and 
evolutionary lineage information on bull trout in the Deadwood River basin, and 
assess the relationship between fish there, in the South Fork Payette River, and 
throughout the action area.  Use this information to identify and prioritize recovery 
actions. 

3. In the Boise, Payette, and Malheur River basins, cooperate with the Service, Tribes, 
Forest Service, Idaho Department of Fish and Game, Oregon Department of Fish and 
Wildlife, and others to monitor and increase knowledge of habitat use, movements, 
and mortality of each life history stage of bull trout.  For example, continue to 
contribute to efforts to evaluate bull trout movement between reservoirs and 
spawning and rearing habitats. 

4. Work with the Service, Tribes, Idaho Department of Fish and Game, Oregon 
Department of Fish and Wildlife, Forest Service, and others to evaluate bull trout 
food web interactions in drainages affected by non-native species and the loss of 
anadromous species (prey base/nutrients).  For example, evaluate the potential 
influence of introduced white crappie in Beulah Reservoir on bull trout and the 
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potential beneficial effects of salmon carcass implants in the North Fork and upper 
Malheur River basins. 

5. Cooperate with others to develop and implement recovery actions for bull trout in 
areas where Reclamation projects affect the species. 

6. Coordinate with the Service, Corps, the State of Idaho, Forest Service, recreation 
interests, and others to operate the Lucky Peak, Arrowrock, and Anderson Ranch 
facilities in the Boise River basin to optimize habitat for bull trout, particularly in 
Arrowrock Reservoir, in balance with recreation and other uses. 

7. Coordinate operation of Reclamation projects in the Payette River basin to improve 
habitat for native fish species, including bull trout. 

8. Cooperate with others, including the Service, Tribes, the States of Idaho and Oregon, 
Forest Service, and others to take actions to improve or maintain high quality 
migratory corridors between Reclamation facilities and higher elevation habitats and 
spawning areas. 

9. Work with others, including the Service, Tribes, Corps, water users, municipalities, 
and land managers to identify and implement water management measures, including 
water conservation projects, to improve conditions for bull trout in Reclamation 
reservoirs and downstream river reaches. 

10. Work with the Service, Tribes, Idaho Department of Fish and Game, Oregon 
Department of Fish and Wildlife, Forest Service, and others to develop, implement, 
and support public and angler education programs in the Boise, Payette, and Malheur 
River basins for species identification, fishing regulations, and fish handling practices 
to increase protection of bull trout and reduce poaching. 

11. Coordinate with Service, Tribes, Idaho Department of Fish and Game, Oregon 
Department of Fish and Wildlife, Forest Service, and others to evaluate methods and 
implement actions to reduce the abundance of brook trout and reduce competition of 
bull trout and brook trout where the two overlap, particularly in spawning and rearing 
habitats. 

In order for the Service to be kept informed of actions minimizing or avoiding adverse 
effects of benefiting listed species or their habitats, the Service requests notification of the 
implementation of any conservation recommendations. 
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GLOSSARY 

Term Definition 

Acre-foot A measure of water volume.  It is the volume needed to cover an 
acre of land (43,560 square feet) one foot deep.  It is equivalent to 
325,851.4 gallons. 

Active Storage The reservoir capacity normally usable for storage and regulation of 
reservoir inflows.  The amount of storage space that can be filled 
and released for specific purposes. 

Aquaculture Raising of animals or plants in aquatic environments under 
controlled conditions. 

Adfluvial Bull Trout Bull trout that migrate from tributary streams to a lake or reservoir 
to mature and then return to a tributary to spawn. 

Anadromous Fish A fish that is born in freshwater, migrates to the ocean to grow and 
live as an adult, and then returns to freshwater to spawn. 

Aquifer A saturated body of rock or soil which will yield water to wells or 
springs. 

Carriage Water Water needed for the hydraulic operation of a delivery system 

Char A fish belonging to the genus Salvelinus and related to both the 
trout and salmon.  The bull trout, Dolly Varden trout, and the 
Mackinaw trout (or lake trout) are all members of the char family.  
Char live in the icy waters (both fresh and marine) of North 
America and Europe. 

Consumptive Use Water consumed for residential, commercial, industrial, 
agricultural, power generation, and recreational purposes.  This 
permanently removes the water from the system. 

Cubic Feet per Second (cfs) A measure of the rate of water passing a given point.  It is the 
volume of water that passes a point in one second.  One cubic foot 
per second is equivalent to 450 gallons per minute.  One cubic foot 
per second for a full 24 hours will provide 1.983 acre-feet. 

Dead Pool or Dead Storage Water that lies below the outlet of a dam and cannot be released by 
gravity flow. 

Desiccation The process of drying out. 

Discharge With reference to streamflow, the volume of water that passes a 
given point in a measured unit of time, such as cubic feet per 
second. 

Distinct Population Segment One of five discrete and significant population segments (Klamath 
River, Columbia River, Jarbidge River, Coastal-Puget Sound, and 
St. Mary-Belly River) identified by the U.S. Fish and Wildlife 
Service. 
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Entrainment Process by which aquatic organisms are pulled through a diversion, 
turbine, spillway, or other device. 

Evapotranspiration The loss of water from a given area during a specified time by 
evaporation from the soil surface and by transpiration from the 
plants. 

Exceedance The percentage of years during which the specified flow or water 
surface elevation will be exceeded. 

Extirpation The local extinction of a species that is no longer found in a locality 
or country but exists elsewhere in the world. 

Fledge Begin to fly. 

Fluvial Bull Trout Bull trout that migrate from tributary streams to larger rivers to 
mature and then migrate to tributaries to spawn. 

Formal Flood Control Flood control implemented under the authority of the U.S. Army 
Corps of Engineers through the Flood Control Act of 1944, the 
Corps has ultimate authority for developing and implementing flood 
control rules at the dam. 

Frazzle Ice Ice crystals that form in the water column where the water is too 
turbulent to permit sheet ice formation. 

Groundwater Water contained in the saturated portions of soil or rock beneath the 
land surface. 

Headwaters The source of a stream, usually a small swale or creek that 
eventually joins others to form larger streams and rivers or run 
directly into larger streams and lakes. 

Hybridization Any crossing of individuals of different genetic composition, 
typically different species, that result in hybrid offspring. 

Impoundment A body of water formed behind a dam.  

Inactive Pool or Inactive Storage The reservoir capacity exclusive of and above the dead capacity 
from which stored water is normally not available because of 
operating agreements or physical restrictions.   

Informal Flood Control Flood control procedures that are developed by the individual 
agency (and not the U.S. Army Corps of Engineers); these 
procedures serve as a guideline, not as a required rule. 

Lentic Living in swamp, pond, lake or any other standing or slow-moving 
water, as opposed to lotic or running waters. 

Load-following An electric system’s process of regulating its generation to follow 
the changes in its customers’ demand.  For hydroelectric power 
generation, this means water releases widely fluctuate within each 
day-long power cycle. 

Local Population A group of bull trout that spawn within a particular stream or 
portion of a stream system.  A local population is considered to be 
the smallest group of fish that is known to represent an interacting 
reproductive unit. 

Lotic Flowing waters, including rivers, streams, and creeks, as opposed to 
lentic, or slow-moving waters. 
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Metapopulation A group of semi-isolated local populations of bull trout that are 
interconnected and that probably share genetic material. 

Migratory Corridor Stream reaches used by bull trout to move between habitats.  A 
section of river or stream used by fish to access upstream spawning 
areas or downstream lake environments. 

Natural Flow A water right to divert live flow from a water body as opposed to a 
storage right. 

Non-point Source Pollution Pollution discharged over a wide land area, not from one specific 
location.  These are forms of diffuse pollution caused by sediment, 
nutrients etc., carried to lakes and streams by surface runoff. 

Orthofluvial The portion of the floodplain that may be regularly inundated 
without the necessary power to scour the floodplain sediments; this 
area is characterized by riparian vegetation, particularly a mature or 
maturing gallery forest. 

Outlet Tunnel or Outlet Works Usually a pipe or tunnel under or through a dam that allows dam 
operators to release water from the reservoir as needed. 

Parafluvial The near channel portion of the floodplain that is regularly 
inundated above base flow and is frequently scoured by the regular 
gravel and cobble-bed movement of the substratum. 

Point Source Pollution Pollutants discharged from any identifiable point, including pipes, 
ditches, channels, and containers 

Powerhead Hydraulic head (elevation of water) for operation of hydroelectric 
generators. 

Ramping rates Changing the discharge below a dam in a constant manner over a 
fixed time (e.g., ramping up or ramping down). 

Redd A nest constructed by female fish of salmonid species in streambed 
gravels where eggs are deposited and fertilization occurs.  Redds 
can usually be distinguished in the streambed gravel by a cleared 
depression and an associated mound of gravel directly downstream. 

Rental Pool State-authorized mechanism to allow more efficient use of water.  
Spaceholders are allowed to consign water to the water rental pool, 
which then sells the water on the open market (typically for use 
within the basin or subbasin). 

Return Flows Water that returns to a stream after it has been used. 

Seral Habitat A biotic community that is a developmental, transitory stage in an 
ecological succession. 

Snake River Basin Adjudication An ongoing legal proceeding in the State of Idaho to identify all of 
the water rights in the Snake River basin. 

Spillway An overflow channel that allows dam operators to release water 
when it gets high enough to threaten the safety of a dam. 

Stochastic Natural events or processed that are random, such as rainfall, 
runoff, and storms, or life-cycle events, such as survival or 
fecundity rates. 
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Take Activities that harass, harm, pursue, hunt, shoot, wound, kill, trap, 
capture, or collect; or attempt to engage in any such conduct to an 
ESA-listed species. 

Water Year  Begins on October 1 and extends to September 30 of the following 
year.  Water years are designated the same as the calendar year they 
end in, i.e., the water year 1995 began on October 1, 1994, and 
ended on September 30, 1995. 

Zoned Dam An embankment dam in which materials of different properties are 
placed systematically in various portions of the dam 
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Appendix A 

Bureau of Reclamation section 7 consultation for the upper Snake River; data and methods 
used to develop estimates of Utah valvata densities and habitat affected by reservoir 
operations. 

This appendix outlines the methods used to develop estimates of snails and habitat drafted 
and/or submerged, and outlines the assumptions used in our calculations and extrapolations. 

Data sources include the following and, with the exception of the Biological Assessment and 
its supplemental documents, are included as attachments to this appendix: 

1. Reclamation’s Utah valvata collection data for American Falls (2002), Lake Walcott 
(combined data from Lower Lake Walcott and the Coldwater sites, 2001-2003), and 
the Neeley Reach (2001-2003); 

2. Reclamation’s Hydromet Data for the Pacific Northwest (http://137.77.133.1/pn/
hydromet/arcread.html); 

3. Reclamation’s area-capacity tables for American Falls Reservoir and Lake Walcott 
(provides corresponding values for stored water volume, reservoir elevation, and 
reservoir surface area); 

4. Reclamation’s Biological Assessment and supplemental information provided as part 
of that assessment. 

Assumptions: 

1) Habitat Area:  Because Reclamation was unable to provide bathymetric data, the Service 
relied on the differences in surface area of the reservoirs to obtain an estimate of substrate 
exposed.  Given the level and horizontal orientation of the lake surface and the slope of the 
lake bed, there will always be a discrepancy in this estimation since in most locations there 
will be a greater area of habitat exposed relative to the surface area of water over the benthic 
slope.  Our estimate is based on the differences in reservoir surface area between the 
reservoir elevations under consideration at each stage of drafting.  With the information 
provided, we are unable to provide a more precise estimate of benthic area exposed as the 
reservoir is drafted. 

2) Snail Densities:  Utah valvata are not evenly distributed over the benthic habitats, but our 
need of providing estimates of population size, project related effects, and incidental take, 
necessitate that we develop some means of developing these estimates.  We used 
Reclamation’s data to develop a mean value of snail densities in different depth zones.  These 
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zones were selected arbitrarily based on the frequency in which snails occurred in samples.  
However, in most instances, lower frequency of occurrence and lower densities more or less 
correspond to changes in reservoir stage that are directly tied to Reclamation’s operations.  
The mean densities include zero (0) values, i.e., samples in which no Utah valvata were 
present.  Hence, this takes into account the patchy nature of the habitat and snail presence. 

3)  Utah valvata snails do not follow the water as it recedes or do so at an insignificant level.  
Hence, snails found in submerged habitats when the water is high will not move to shallower 
habitats as reservoir or river stage drops.  As benthic habitat becomes exposed with receding 
waters, all (or most) of those snails will be stranded and the majority of those will die as a 
result. 

Estimates of stranding-related mortality were obtained differently for reservoirs (American 
Falls and Lake Walcott) than they were for river segments (Neeley Reach) and examples for 
each are provided below. 

Reservoir Example:  An estimate of benthic habitat and snails exposed in American Falls for 
the zone between reservoir elevation 4311 feet, at which point snail mortality begins, to the 
reservoir elevation of 4306.5 feet (corresponding to 50,000 acre-feet, the minimum volume 
Reclamation tries not to draft below): 

1. Benthic habitat drafted (exposed):  16,348 acres – 11,116 acres = 5,232 acres 

(acreage derived from area-capacity tables); 

2. Percent of benthos drafted:  5,232/17,113* (100) = 30.6 percent 

(* Corresponds to reservoir surface acreage at depth where Utah valvata first 
collected); 

3. Estimate of Utah valvata in this zone:  (18.4) C (5,232 acres) = 389,586,000 

(where C is the total number of square meters per acre – see conversion below, and 
18.4 is the mean number of Utah valvata per square meter in this zone (low density)). 

4. This represents 19.5 percent of the lake’s estimated total population (389,586,000 / 
2,000,698,000). 

The conversion for square meters in an acre: 

C = (1 m2/10.7639 ft2)(43,560ft2/1 acre) = 4,046.86 m2/acre 

Note, for Lake Walcott, there are only two surface elevations below full pool (4245 feet) to 
be considered, the annual 5-foot drop (4240 feet) and the periodic 7-foot drop (4238 feet). 

River Example:  Unlike the reservoirs where we have some estimate of habitat area (derived 
from the area-capacity tables), we lack this information for the river segments.  For this 
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reason, we can only develop an estimate of the proportion of the snail population exposed by 
changes in river stage. 

1) Subtract the sample depth (Reclamation snail data) from the river stage depth 
(Hydromet data for the date of each respective sample) at its seasonal low point.  This 
shows if the sample location becomes dewatered at the end of the irrigation season.  
Obtaining a negative sum indicates that sample location will be exposed as river stage 
is lowered.  All snails in this sample would be tallied as mortalities.  A positive sum 
means that the sample location would remain submerged and snails within that 
sample would survive.  Results are included in the attached spread sheet titled Neeley 
Reach:  Vista only. 

a)   (DepthDateX)-(Difference to Low Stage DateX) 

b)   Negative value indicates that corresponding snails in that sample were dewatered, 
positive value that those snails were not exposed. 

Row 5 from worksheet 3 (Neeley Reach): 

(2.0-3.95) = -1.95; 

The negative sum indicates that the three Utah valvata in this plot would be exposed 
during dewatering. 
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date location live UV depth (m) depth (ft) Res. Elev. Sample Elev. UV/sq. m
8/14/2002 2 0 0.1524 0.5 4245 4244.5 0
7/8/2002 3 0 0.1524 0.5 4245 4244.5 0

4/16/2003 2 0 0.1 0.3 4244.6 4244.3 0
4/16/2003 2 0 0.1 0.3 4244.6 4244.3 0
8/13/2001 3 0 0.3048 1.0 4245.1 4244.1 0
6/24/2003 3 0 0.3 1.0 4245 4244.0 0
6/24/2003 3 0 0.3 1.0 4245 4244.0 0
6/23/2003 2 0 0.3 1.0 4245 4244.0 0
7/9/2002 2 0 0.3048 1.0 4245 4244.0 0

8/14/2002 2 0 0.3048 1.0 4245 4244.0 0
5/21/2002 3 0 0.3048 1.0 4244.8 4243.8 0
6/23/2003 2 1 0.5 1.6 4245 4243.4 4
9/12/2002 3 0 0 0.0 4243.3 4243.3 0
9/12/2002 3 0 0 0.0 4243.3 4243.3 0
9/11/2002 3 0 0 0.0 4243.3 4243.3 0
4/18/2003 3 0 0.5 1.6 4244.9 4243.3 0
6/24/2003 3 0 0.6 2.0 4245 4243.0 0
7/9/2002 2 0 0.6096 2.0 4245 4243.0 0
7/9/2002 2 0 0.6096 2.0 4245 4243.0 0
7/8/2002 3 0 0.6096 2.0 4245 4243.0 0
4/8/2002 2 0 0 0.0 4243 4243.0 0
4/8/2002 2 0.0 4243 4243.0 0
4/8/2002 2 0.0 4243 4243.0 0
4/8/2002 2 0 0 0.0 4243 4243.0 0
4/8/2002 2 0 0 0.0 4243 4243.0 0

4/16/2003 2 0 0.5 1.6 4244.6 4243.0 0
4/16/2003 2 0 0.5 1.6 4244.6 4243.0 0
4/18/2003 3 0 0.6 2.0 4244.9 4242.9 0
8/5/2002 3 0 0.6096 2.0 4244.9 4242.9 0

5/21/2002 3 0 0.6096 2.0 4244.8 4242.8 0
9/9/2002 2 0 0.18288 0.6 4243.4 4242.8 0

4/16/2003 2 0 0.6 2.0 4244.6 4242.6 0
8/13/2001 3 0 0.762 2.5 4245.1 4242.6 0
8/14/2002 2 0 0.762 2.5 4245 4242.5 0
7/8/2002 3 0 0.762 2.5 4245 4242.5 0
8/5/2002 3 0 0.762 2.5 4244.9 4242.4 0

9/17/2001 2 0 0 0.0 4242.4 4242.4 0
9/17/2001 2 0 0 0.0 4242.4 4242.4 0
9/17/2001 2 0 0 0.0 4242.4 4242.4 0
9/17/2001 2 0 0 0.0 4242.4 4242.4 0
5/28/2002 2 0 0.762 2.5 4244.8 4242.3 0
5/28/2002 2 0 0.762 2.5 4244.8 4242.3 0
4/18/2003 3 0 0.8 2.6 4244.9 4242.3 0
4/18/2003 3 0 0.8 2.6 4244.9 4242.3 0
6/24/2003 3 0 0.9 3.0 4245 4242.0 0
8/14/2002 2 1 0.9144 3.0 4245 4242.0 4
7/8/2002 3 1 0.9144 3.0 4245 4242.0 4

4/16/2003 2 0 0.8 2.6 4244.6 4242.0 0
4/18/2003 3 0 0.9 3.0 4244.9 4241.9 0

Lake Walcott Data, Lower Lake and Coldwater Sites Pooled, Years Pooled, Sorted by Reservoir Depth 
(descending)



4/18/2003 3 0 0.9 3.0 4244.9 4241.9 0
8/5/2002 3 3 0.9144 3.0 4244.9 4241.9 12

9/17/2001 2 4 0.1524 0.5 4242.4 4241.9 16
5/28/2002 2 0 0.9144 3.0 4244.8 4241.8 0
5/21/2002 3 0 0.9144 3.0 4244.8 4241.8 0
9/11/2002 3 21 0.4572 1.5 4243.3 4241.8 84
9/11/2002 3 0 0.4572 1.5 4243.3 4241.8 0
9/17/2001 2 0 0.18288 0.6 4242.4 4241.8 0
7/9/2002 2 0 1.0668 3.5 4245 4241.5 0

8/14/2002 2 0 1.0668 3.5 4245 4241.5 0
8/14/2002 2 1 1.0668 3.5 4245 4241.5 4
9/17/2001 2 0 0.3048 1.0 4242.4 4241.4 0
9/29/2003 2 0 0 0.0 4241.1 4241.1 0
9/29/2003 2 0 0 0.0 4241.1 4241.1 0
9/29/2003 2 0 0 0.0 4241.1 4241.1 0
9/29/2003 2 0 0 0.0 4241.1 4241.1 0
9/29/2003 2 0 0 0.0 4241.1 4241.1 0
9/29/2003 2 0 0 0.0 4241.1 4241.1 0
7/9/2002 2 0 1.2192 4.0 4245 4241.0 0
7/8/2002 3 0 1.2192 4.0 4245 4241.0 0
7/8/2002 3 0 1.2192 4.0 4245 4241.0 0
4/8/2002 2 0 0.6096 2.0 4243 4241.0 0

8/28/2001 2 1 0.9144 3.0 4243.9 4240.9 4
9/9/2002 2 0 0.762 2.5 4243.4 4240.9 0

5/28/2002 2 0 1.2192 4.0 4244.8 4240.8 0
5/21/2002 3 0 1.2192 4.0 4244.8 4240.8 0
5/21/2002 3 1 1.2192 4.0 4244.8 4240.8 4
9/12/2002 3 11 0.762 2.5 4243.3 4240.8 44
9/12/2002 3 26 0.762 2.5 4243.3 4240.8 104
9/30/2003 3 0 0 0.0 4240.8 4240.8 0
9/30/2003 3 0 0 0.0 4240.8 4240.8 0
9/30/2003 3 1 0 0.0 4240.8 4240.8 4
8/13/2001 3 8 1.3716 4.5 4245.1 4240.6 32
7/9/2002 2 1 1.3716 4.5 4245 4240.5 4
9/9/2002 2 14 0.9144 3.0 4243.4 4240.4 56

4/18/2003 3 6 1.4 4.6 4244.9 4240.3 24
9/12/2002 3 34 0.9144 3.0 4243.3 4240.3 136
9/30/2003 3 2 0.2 0.7 4240.8 4240.1 8
3/28/2002 3 0 0 0.0 4240.1 4240.1 0
3/28/2002 3 0 0 0.0 4240.1 4240.1 0
3/28/2002 3 0 0 0.0 4240.1 4240.1 0
3/28/2002 3 0 0 0.0 4240.1 4240.1 0
3/28/2002 3 0 0 0.0 4240.1 4240.1 0
6/24/2003 3 1 1.5 4.9 4245 4240.1 4
6/24/2003 3 0 1.5 4.9 4245 4240.1 0
6/23/2003 2 0 1.5 4.9 4245 4240.1 0
7/9/2002 2 0 1.524 5.0 4245 4240.0 0
7/9/2002 2 2 1.524 5.0 4245 4240.0 8

8/14/2002 2 2 1.524 5.0 4245 4240.0 8
7/8/2002 3 0 1.524 5.0 4245 4240.0 0
7/8/2002 3 0 1.524 5.0 4245 4240.0 0
4/8/2002 2 0 0.9144 3.0 4243 4240.0 0



8/28/2001 2 0 1.2192 4.0 4243.9 4239.9 0
9/17/2001 2 0 0.762 2.5 4242.4 4239.9 0

10/17/2001 2 0 0 0.0 4239.9 4239.9 0
10/17/2001 2 0 0 0.0 4239.9 4239.9 0
10/17/2001 2 0 0 0.0 4239.9 4239.9 0
10/17/2001 2 0 0 0.0 4239.9 4239.9 0
10/17/2001 2 0 0 0.0 4239.9 4239.9 0
10/17/2001 2 0 0 0.0 4239.9 4239.9 0
10/17/2001 2 0 0 0.0 4239.9 4239.9 0
10/17/2001 2 0 0 0.0 4239.9 4239.9 0
11/13/2001 2 0 0 0.0 4239.9 4239.9 0
11/13/2001 2 0 0 0.0 4239.9 4239.9 0
11/13/2001 2 6 0 0.0 4239.9 4239.9 24
11/13/2001 2 0 0 0.0 4239.9 4239.9 0
11/13/2001 2 0 0 0.0 4239.9 4239.9 0
11/13/2001 2 0 0 0.0 4239.9 4239.9 0
11/13/2001 2 0 0 0.0 4239.9 4239.9 0
10/22/2001 3 0 0 0.0 4239.9 4239.9 0
10/22/2001 3 3 0 0.0 4239.9 4239.9 12
10/22/2001 3 0 0 0.0 4239.9 4239.9 0
11/15/2001 3 0 0 0.0 4239.9 4239.9 0
11/15/2001 3 2 0 0.0 4239.9 4239.9 8
11/15/2001 3 0 0 0.0 4239.9 4239.9 0
11/15/2001 3 0 0 0.0 4239.9 4239.9 0
9/30/2003 3 7 0.3 1.0 4240.8 4239.8 28
5/28/2002 2 0 1.524 5.0 4244.8 4239.8 0
5/28/2002 2 0 1.524 5.0 4244.8 4239.8 0
5/21/2002 3 1 1.524 5.0 4244.8 4239.8 4
9/12/2002 3 24 1.0668 3.5 4243.3 4239.8 96
6/23/2003 2 0 1.6 5.2 4245 4239.8 0

10/21/2002 2 0 0 0.0 4239.6 4239.6 0
10/21/2002 2 0 0 0.0 4239.6 4239.6 0
10/21/2002 2 0 0 0.0 4239.6 4239.6 0
10/21/2002 2 0 0 0.0 4239.6 4239.6 0
10/21/2002 2 0 0 0.0 4239.6 4239.6 0
10/21/2002 2 0 0 0.0 4239.6 4239.6 0
10/21/2002 2 0 0 0.0 4239.6 4239.6 0
10/21/2002 2 0 0 0.0 4239.6 4239.6 0
11/13/2002 2 0 0 0.0 4239.6 4239.6 0
11/13/2002 2 0 0 0.0 4239.6 4239.6 0
11/13/2002 2 0 0 0.0 4239.6 4239.6 0
11/13/2002 2 0 0 0.0 4239.6 4239.6 0
11/13/2002 2 0 0 0.0 4239.6 4239.6 0
11/13/2002 2 0 0 0.0 4239.6 4239.6 0
11/13/2002 2 0 0 0.0 4239.6 4239.6 0
11/13/2002 2 0 0 0.0 4239.6 4239.6 0
11/15/2002 3 0 0 0.0 4239.6 4239.6 0
11/15/2002 3 0 0 0.0 4239.6 4239.6 0
10/23/2002 3 3 0 0.0 4239.5 4239.5 12
10/23/2002 3 3 0 0.0 4239.5 4239.5 12
10/23/2002 3 0 0 0.0 4239.5 4239.5 0
10/23/2002 3 1 0 0.0 4239.5 4239.5 4



10/23/2002 3 0 0 0.0 4239.5 4239.5 0
6/23/2003 2 0 1.7 5.6 4245 4239.4 0
9/9/2002 2 0 1.2192 4.0 4243.4 4239.4 0
9/9/2002 2 1 1.2192 4.0 4243.4 4239.4 4

11/15/2001 3 0 0.1524 0.5 4239.9 4239.4 0
9/11/2002 3 135 1.2192 4.0 4243.3 4239.3 540
9/11/2002 3 24 1.2192 4.0 4243.3 4239.3 96
3/28/2002 3 0 0.3048 1.0 4240.1 4239.1 0
4/16/2003 2 0 1.7 5.6 4244.6 4239.0 0
7/9/2002 2 0 1.8288 6.0 4245 4239.0 0

8/14/2002 2 15 1.8288 6.0 4245 4239.0 60
8/14/2002 2 8 1.8288 6.0 4245 4239.0 32
7/8/2002 3 0 1.8288 6.0 4245 4239.0 0
7/8/2002 3 0 1.8288 6.0 4245 4239.0 0
7/8/2002 3 1 1.8288 6.0 4245 4239.0 4
4/8/2002 2 0 1.2192 4.0 4243 4239.0 0
8/5/2002 3 121 1.8288 6.0 4244.9 4238.9 484
8/5/2002 3 752 1.8288 6.0 4244.9 4238.9 3008

8/28/2001 2 4 1.524 5.0 4243.9 4238.9 16
9/9/2002 2 0 1.3716 4.5 4243.4 4238.9 0

10/22/2001 3 20 0.3048 1.0 4239.9 4238.9 80
9/30/2003 3 35 0.6 2.0 4240.8 4238.8 140
9/29/2003 2 0 0.7 2.3 4241.1 4238.8 0
9/29/2003 2 0 0.7 2.3 4241.1 4238.8 0
9/29/2003 2 0 0.7 2.3 4241.1 4238.8 0
5/28/2002 2 0 1.8288 6.0 4244.8 4238.8 0
5/28/2002 2 0 1.8288 6.0 4244.8 4238.8 0
5/21/2002 3 2 1.8288 6.0 4244.8 4238.8 8
4/16/2003 2 0 1.8 5.9 4244.6 4238.7 0
9/30/2003 3 77 0.7 2.3 4240.8 4238.5 308
6/23/2003 2 0 2 6.6 4245 4238.4 0
8/5/2002 3 754 1.9812 6.5 4244.9 4238.4 3016
9/9/2002 2 0 1.524 5.0 4243.4 4238.4 0
9/9/2002 2 96 1.524 5.0 4243.4 4238.4 384

9/17/2001 2 0 1.2192 4.0 4242.4 4238.4 0
9/17/2001 2 1 1.2192 4.0 4242.4 4238.4 4

11/13/2001 2 0 0.4572 1.5 4239.9 4238.4 0
10/22/2001 3 2 0.4572 1.5 4239.9 4238.4 8
9/12/2002 3 134 1.524 5.0 4243.3 4238.3 536
9/12/2002 3 216 1.524 5.0 4243.3 4238.3 864
9/11/2002 3 100 1.524 5.0 4243.3 4238.3 400
6/23/2003 2 5 2.1 6.9 4245 4238.1 20
6/23/2003 2 0 2.1 6.9 4245 4238.1 0
3/28/2002 3 0 0.6096 2.0 4240.1 4238.1 0
3/28/2002 3 0 0.6096 2.0 4240.1 4238.1 0
8/14/2002 2 28 2.1336 7.0 4245 4238.0 112
4/8/2002 2 0 1.524 5.0 4243 4238.0 0
4/8/2002 2 0 1.524 5.0 4243 4238.0 0
4/8/2002 2 0 1.524 5.0 4243 4238.0 0
4/8/2002 2 0 1.524 5.0 4243 4238.0 0
8/5/2002 3 1135 2.1336 7.0 4244.9 4237.9 4540

8/28/2001 2 2 1.8288 6.0 4243.9 4237.9 8



9/17/2001 2 6 1.3716 4.5 4242.4 4237.9 24
11/15/2001 3 9 0.6096 2.0 4239.9 4237.9 36
11/15/2001 3 2 0.6096 2.0 4239.9 4237.9 8
9/30/2003 3 12 1 3.3 4240.8 4237.5 48

10/23/2002 3 44 0.6096 2.0 4239.5 4237.5 176
9/9/2002 2 1 1.8288 6.0 4243.4 4237.4 4
9/9/2002 2 0 1.8288 6.0 4243.4 4237.4 0

4/18/2003 3 13 2.3 7.5 4244.9 4237.4 52
9/11/2002 3 20 1.8288 6.0 4243.3 4237.3 80
9/29/2003 2 0 1.2 3.9 4241.1 4237.2 0
6/23/2003 2 59 2.4 7.9 4245 4237.1 236
3/28/2002 3 1 0.9144 3.0 4240.1 4237.1 4
7/8/2002 3 0 2.4384 8.0 4245 4237.0 0
7/8/2002 3 0 2.4384 8.0 4245 4237.0 0
4/8/2002 2 1 1.8288 6.0 4243 4237.0 4
4/8/2002 2 0 1.8288 6.0 4243 4237.0 0
4/8/2002 2 0 1.8288 6.0 4243 4237.0 0
8/5/2002 3 177 2.4384 8.0 4244.9 4236.9 708
9/9/2002 2 0 1.9812 6.5 4243.4 4236.9 0

10/17/2001 2 0 0.9144 3.0 4239.9 4236.9 0
10/22/2001 3 137 0.9144 3.0 4239.9 4236.9 548
10/22/2001 3 9 0.9144 3.0 4239.9 4236.9 36
11/15/2001 3 6 0.9144 3.0 4239.9 4236.9 24
5/21/2002 3 1 2.4384 8.0 4244.8 4236.8 4
5/21/2002 3 3 2.4384 8.0 4244.8 4236.8 12
5/21/2002 3 1 2.4384 8.0 4244.8 4236.8 4
9/29/2003 2 0 1.4 4.6 4241.1 4236.5 0
9/17/2001 2 3 1.8288 6.0 4242.4 4236.4 12

11/15/2001 3 76 1.0668 3.5 4239.9 4236.4 304
11/15/2002 3 11 0.97536 3.2 4239.6 4236.4 44
9/12/2002 3 8 2.1336 7.0 4243.3 4236.3 32
9/11/2002 3 97 2.1336 7.0 4243.3 4236.3 388
3/28/2002 3 0 1.2192 4.0 4240.1 4236.1 0
3/28/2002 3 2 1.2192 4.0 4240.1 4236.1 8
7/9/2002 2 54 2.7432 9.0 4245 4236.0 216
4/8/2002 2 11 2.1336 7.0 4243 4236.0 44
9/9/2002 2 10 2.286 7.5 4243.4 4235.9 40

10/22/2001 3 221 1.2192 4.0 4239.9 4235.9 884
10/22/2001 3 6 1.2192 4.0 4239.9 4235.9 24
10/22/2001 3 6 1.2192 4.0 4239.9 4235.9 24
10/22/2001 3 0 1.2192 4.0 4239.9 4235.9 0
9/30/2003 3 17 1.5 4.9 4240.8 4235.9 68
5/21/2002 3 1 2.7432 9.0 4244.8 4235.8 4
9/11/2002 3 165 2.286 7.5 4243.3 4235.8 660

11/15/2002 3 0 1.24968 4.1 4239.6 4235.5 0
9/12/2002 3 190 2.4384 8.0 4243.3 4235.3 760
9/11/2002 3 30 2.4384 8.0 4243.3 4235.3 120
9/29/2003 2 0 1.8 5.9 4241.1 4235.2 0
6/23/2003 2 9 3 9.8 4245 4235.2 36
3/28/2002 3 0 1.524 5.0 4240.1 4235.1 0
8/14/2002 2 4 3.048 10.0 4245 4235.0 16
4/8/2002 2 15 2.4384 8.0 4243 4235.0 60



11/13/2001 2 3 1.524 5.0 4239.9 4234.9 12
10/22/2001 3 2 1.524 5.0 4239.9 4234.9 8
5/21/2002 3 0 3.048 10.0 4244.8 4234.8 0

11/13/2002 2 18 1.524 5.0 4239.6 4234.6 72
7/9/2002 2 7 3.2004 10.5 4245 4234.5 28

9/17/2001 2 40 2.4384 8.0 4242.4 4234.4 160
9/12/2002 3 1 2.7432 9.0 4243.3 4234.3 4
9/30/2003 3 2 2 6.6 4240.8 4234.2 8
9/29/2003 2 0 2.1 6.9 4241.1 4234.2 0

11/13/2002 2 25 1.6764 5.5 4239.6 4234.1 100
7/9/2002 2 17 3.3528 11.0 4245 4234.0 68

8/14/2002 2 7 3.3528 11.0 4245 4234.0 28
7/8/2002 3 2 3.3528 11.0 4245 4234.0 8
4/8/2002 2 2 2.7432 9.0 4243 4234.0 8
4/8/2002 2 34 2.7432 9.0 4243 4234.0 136
4/8/2002 2 0 2.7432 9.0 4243 4234.0 0

10/23/2002 3 6 1.6764 5.5 4239.5 4234.0 24
10/23/2002 3 100 1.6764 5.5 4239.5 4234.0 400

8/5/2002 3 209 3.3528 11.0 4244.9 4233.9 836
10/17/2001 2 12 1.8288 6.0 4239.9 4233.9 48
10/17/2001 2 78 1.8288 6.0 4239.9 4233.9 312
11/13/2001 2 2 1.8288 6.0 4239.9 4233.9 8
6/23/2003 2 201 3.4 11.2 4245 4233.8 804
5/28/2002 2 84 3.3528 11.0 4244.8 4233.8 336
4/18/2003 3 102 3.4 11.2 4244.9 4233.7 408

10/21/2002 2 0 1.8288 6.0 4239.6 4233.6 0
9/12/2002 3 2 3.048 10.0 4243.3 4233.3 8
9/30/2003 3 3 2.3 7.5 4240.8 4233.3 12
8/13/2001 3 0 3.6576 12.0 4245.1 4233.1 0
3/28/2002 3 0 2.1336 7.0 4240.1 4233.1 0

11/13/2002 2 86 1.9812 6.5 4239.6 4233.1 344
7/9/2002 2 15 3.6576 12.0 4245 4233.0 60

10/23/2002 3 1 1.9812 6.5 4239.5 4233.0 4
8/5/2002 3 79 3.6576 12.0 4244.9 4232.9 316

10/17/2001 2 2 2.1336 7.0 4239.9 4232.9 8
11/13/2001 2 6 2.1336 7.0 4239.9 4232.9 24
10/22/2001 3 58 2.1336 7.0 4239.9 4232.9 232
11/15/2001 3 6 2.1336 7.0 4239.9 4232.9 24
6/23/2003 2 10 3.7 12.1 4245 4232.9 40
6/23/2003 2 53 3.7 12.1 4245 4232.9 212

10/21/2002 2 43 2.1336 7.0 4239.6 4232.6 172
10/23/2002 3 0 2.1336 7.0 4239.5 4232.5 0
10/23/2002 3 3 2.1336 7.0 4239.5 4232.5 12
4/16/2003 2 13 3.7 12.1 4244.6 4232.5 52
9/17/2001 2 20 3.048 10.0 4242.4 4232.4 80
4/16/2003 2 197 3.8 12.5 4244.6 4232.1 788

10/21/2002 2 4 2.286 7.5 4239.6 4232.1 16
4/8/2002 2 26 3.3528 11.0 4243 4232.0 104
4/8/2002 2 28 3.3528 11.0 4243 4232.0 112

10/23/2002 3 1 2.286 7.5 4239.5 4232.0 4
8/5/2002 3 25 3.9624 13.0 4244.9 4231.9 100

11/13/2001 2 2 2.4384 8.0 4239.9 4231.9 8



6/24/2003 3 0 4 13.1 4245 4231.9 0
5/21/2002 3 0 3.9624 13.0 4244.8 4231.8 0
4/18/2003 3 0 4 13.1 4244.9 4231.8 0
9/30/2003 3 0 2.8 9.2 4240.8 4231.6 0

10/21/2002 2 455 2.4384 8.0 4239.6 4231.6 1820
9/17/2001 2 42 3.3528 11.0 4242.4 4231.4 168
7/9/2002 2 3 4.2672 14.0 4245 4231.0 12

8/14/2002 2 6 4.2672 14.0 4245 4231.0 24
8/14/2002 2 52 4.2672 14.0 4245 4231.0 208
4/8/2002 2 38 3.6576 12.0 4243 4231.0 152

9/30/2003 3 0 3 9.8 4240.8 4231.0 0
8/5/2002 3 0 4.2672 14.0 4244.9 4230.9 0

10/17/2001 2 94 2.7432 9.0 4239.9 4230.9 376
5/28/2002 2 142 4.2672 14.0 4244.8 4230.8 568
5/21/2002 3 0 4.2672 14.0 4244.8 4230.8 0
4/18/2003 3 0 4.3 14.1 4244.9 4230.8 0

10/21/2002 2 292 2.7432 9.0 4239.6 4230.6 1168
11/13/2002 2 86 2.7432 9.0 4239.6 4230.6 344
10/23/2002 3 0 2.7432 9.0 4239.5 4230.5 0
4/18/2003 3 0 4.4 14.4 4244.9 4230.5 0
9/9/2002 2 47 3.9624 13.0 4243.4 4230.4 188

9/29/2003 2 3 3.3 10.8 4241.1 4230.3 12
8/13/2001 3 0 4.572 15.0 4245.1 4230.1 0
3/28/2002 3 0 3.048 10.0 4240.1 4230.1 0
3/28/2002 3 0 3.048 10.0 4240.1 4230.1 0
3/28/2002 3 0 3.048 10.0 4240.1 4230.1 0

11/13/2002 2 19 2.8956 9.5 4239.6 4230.1 76
7/9/2002 2 82 4.572 15.0 4245 4230.0 328
4/8/2002 2 2 3.9624 13.0 4243 4230.0 8

6/23/2003 2 51 4.6 15.1 4245 4229.9 204
6/23/2003 2 15 4.6 15.1 4245 4229.9 60

10/17/2001 2 12 3.048 10.0 4239.9 4229.9 48
11/13/2001 2 14 3.048 10.0 4239.9 4229.9 56
11/13/2001 2 2 3.048 10.0 4239.9 4229.9 8
10/22/2001 3 0 3.048 10.0 4239.9 4229.9 0
10/22/2001 3 0 3.048 10.0 4239.9 4229.9 0
4/16/2003 2 35 4.5 14.8 4244.6 4229.8 140
5/28/2002 2 3 4.572 15.0 4244.8 4229.8 12
9/11/2002 3 11 4.2672 14.0 4243.3 4229.3 44
9/11/2002 3 8 4.2672 14.0 4243.3 4229.3 32
8/13/2001 3 0 4.8768 16.0 4245.1 4229.1 0
3/28/2002 3 0 3.3528 11.0 4240.1 4229.1 0
3/28/2002 3 0 3.3528 11.0 4240.1 4229.1 0
8/14/2002 2 37 4.8768 16.0 4245 4229.0 148
4/8/2002 2 4 4.2672 14.0 4243 4229.0 16

6/23/2003 2 51 4.9 16.1 4245 4228.9 204
8/5/2002 3 0 4.8768 16.0 4244.9 4228.9 0

11/13/2001 2 40 3.3528 11.0 4239.9 4228.9 160
10/22/2001 3 0 3.3528 11.0 4239.9 4228.9 0
11/15/2001 3 0 3.3528 11.0 4239.9 4228.9 0
9/30/2003 3 0 3.7 12.1 4240.8 4228.7 0

11/13/2002 2 18 3.3528 11.0 4239.6 4228.6 72



11/15/2002 3 0 3.3528 11.0 4239.6 4228.6 0
11/15/2002 3 0 3.3528 11.0 4239.6 4228.6 0
11/15/2002 3 2 3.3528 11.0 4239.6 4228.6 8
9/12/2002 3 1 4.572 15.0 4243.3 4228.3 4
9/12/2002 3 1 4.572 15.0 4243.3 4228.3 4
8/13/2001 3 0 5.1816 17.0 4245.1 4228.1 0
8/13/2001 3 0 5.1816 17.0 4245.1 4228.1 0
3/28/2002 3 0 3.6576 12.0 4240.1 4228.1 0

10/21/2002 2 48 3.5052 11.5 4239.6 4228.1 192
8/14/2002 2 42 5.1816 17.0 4245 4228.0 168
8/5/2002 3 0 5.1816 17.0 4244.9 4227.9 0

10/17/2001 2 10 3.6576 12.0 4239.9 4227.9 40
10/17/2001 2 7 3.6576 12.0 4239.9 4227.9 28
11/13/2001 2 16 3.6576 12.0 4239.9 4227.9 64
11/15/2001 3 0 3.6576 12.0 4239.9 4227.9 0
11/15/2001 3 0 3.6576 12.0 4239.9 4227.9 0
4/18/2003 3 0 5.2 17.1 4244.9 4227.8 0
5/28/2002 2 0 5.1816 17.0 4244.8 4227.8 0
5/28/2002 2 3 5.1816 17.0 4244.8 4227.8 12
5/21/2002 3 0 5.1816 17.0 4244.8 4227.8 0
5/21/2002 3 0 5.1816 17.0 4244.8 4227.8 0
9/11/2002 3 5 4.7244 15.5 4243.3 4227.8 20
9/11/2002 3 7 4.7244 15.5 4243.3 4227.8 28
9/29/2003 2 9 4.1 13.4 4241.1 4227.7 36

10/21/2002 2 10 3.6576 12.0 4239.6 4227.6 40
11/13/2002 2 72 3.6576 12.0 4239.6 4227.6 288
9/12/2002 3 1 4.8768 16.0 4243.3 4227.3 4
8/13/2001 3 0 5.4864 18.0 4245.1 4227.1 0
3/28/2002 3 0 3.9624 13.0 4240.1 4227.1 0
3/28/2002 3 0 3.9624 13.0 4240.1 4227.1 0
9/30/2003 3 0 4.2 13.8 4240.8 4227.0 0
7/8/2002 3 0 5.4864 18.0 4245 4227.0 0
4/8/2002 2 37 4.8768 16.0 4243 4227.0 148

9/29/2003 2 4 4.3 14.1 4241.1 4227.0 16
6/24/2003 3 0 5.5 18.0 4245 4227.0 0

11/15/2001 3 1 3.9624 13.0 4239.9 4226.9 4
11/15/2002 3 0 3.87096 12.7 4239.6 4226.9 0
11/15/2002 3 0 3.87096 12.7 4239.6 4226.9 0
5/28/2002 2 22 5.4864 18.0 4244.8 4226.8 88
4/16/2003 2 6 5.5 18.0 4244.6 4226.6 24
9/17/2001 2 9 4.8768 16.0 4242.4 4226.4 36
8/13/2001 3 0 5.7912 19.0 4245.1 4226.1 0
3/28/2002 3 0 4.2672 14.0 4240.1 4226.1 0
3/28/2002 3 0 4.2672 14.0 4240.1 4226.1 0

11/13/2002 2 31 4.1148 13.5 4239.6 4226.1 124
10/23/2002 3 0 4.1148 13.5 4239.5 4226.0 0
6/24/2003 3 0 5.8 19.0 4245 4226.0 0
8/28/2001 2 2 5.4864 18.0 4243.9 4225.9 8
5/28/2002 2 3 5.7912 19.0 4244.8 4225.8 12

10/21/2002 2 3 4.2672 14.0 4239.6 4225.6 12
4/16/2003 2 6 5.8 19.0 4244.6 4225.6 24
4/16/2003 2 0 5.8 19.0 4244.6 4225.6 0



9/12/2002 3 0 5.4864 18.0 4243.3 4225.3 0
7/9/2002 2 14 6.096 20.0 4245 4225.0 56
4/8/2002 2 6 5.4864 18.0 4243 4225.0 24

6/24/2003 3 0 6.1 20.0 4245 4225.0 0
6/24/2003 3 0 6.1 20.0 4245 4225.0 0
9/9/2002 2 27 5.6388 18.5 4243.4 4224.9 108

9/11/2002 3 2 5.6388 18.5 4243.3 4224.8 8
9/9/2002 2 34 5.7912 19.0 4243.4 4224.4 136

4/18/2003 3 0 6.3 20.7 4244.9 4224.2 0
4/8/2002 2 6 5.7912 19.0 4243 4224.0 24

8/28/2001 2 10 6.096 20.0 4243.9 4223.9 40
8/28/2001 2 1 6.096 20.0 4243.9 4223.9 4

11/15/2002 3 0 4.8768 16.0 4239.6 4223.6 0
9/9/2002 2 12 6.096 20.0 4243.4 4223.4 48

9/11/2002 3 4 6.096 20.0 4243.3 4223.3 16
11/15/2002 3 0 4.96824 16.3 4239.6 4223.3 0
4/18/2003 3 0 6.6 21.6 4244.9 4223.3 0
4/18/2003 3 0 6.6 21.6 4244.9 4223.3 0
3/28/2002 3 0 5.1816 17.0 4240.1 4223.1 0
3/28/2002 3 0 5.1816 17.0 4240.1 4223.1 0
6/24/2003 3 0 6.7 22.0 4245 4223.0 0
6/24/2003 3 0 6.7 22.0 4245 4223.0 0
4/8/2002 2 4 6.096 20.0 4243 4223.0 16
8/5/2002 3 0 6.7056 22.0 4244.9 4222.9 0

4/16/2003 2 0 6.7 22.0 4244.6 4222.6 0
9/30/2003 3 2 5.6 18.4 4240.8 4222.4 8

11/15/2002 3 0 5.334 17.5 4239.6 4222.1 0
7/8/2002 3 0 7.0104 23.0 4245 4222.0 0

10/17/2001 2 2 5.4864 18.0 4239.9 4221.9 8
10/21/2002 2 4 5.4864 18.0 4239.6 4221.6 16
5/28/2002 2 0 7.3152 24.0 4244.8 4220.8 0

10/23/2002 3 1 5.7912 19.0 4239.5 4220.5 4
3/28/2002 3 0 6.096 20.0 4240.1 4220.1 0
4/8/2002 2 4 7.0104 23.0 4243 4220.0 16
9/9/2002 2 1 7.3152 24.0 4243.4 4219.4 4

3/28/2002 3 0 6.4008 21.0 4240.1 4219.1 0
4/8/2002 2 2 7.3152 24.0 4243 4219.0 8
4/8/2002 2 0 7.3152 24.0 4243 4219.0 0

8/28/2001 2 1 7.62 25.0 4243.9 4218.9 4
6/23/2003 2 18 8 26.2 4245 4218.8 72
4/16/2003 2 0 7.9 25.9 4244.6 4218.7 0
9/29/2003 2 2 6.9 22.6 4241.1 4218.5 8
9/9/2002 2 16 7.62 25.0 4243.4 4218.4 64

3/28/2002 3 0 6.7056 22.0 4240.1 4218.1 0
6/24/2003 3 0 8.2 26.9 4245 4218.1 0
8/14/2002 2 6 8.2296 27.0 4245 4218.0 24
5/28/2002 2 1 8.2296 27.0 4244.8 4217.8 4

11/15/2002 3 0 6.7056 22.0 4239.6 4217.6 0
3/28/2002 3 0 7.0104 23.0 4240.1 4217.1 0

11/13/2001 2 29 7.0104 23.0 4239.9 4216.9 116
11/15/2001 3 0 7.0104 23.0 4239.9 4216.9 0
11/15/2001 3 0 7.0104 23.0 4239.9 4216.9 0



8/14/2002 2 0 8.6868 28.5 4245 4216.5 0
10/17/2001 2 11 7.3152 24.0 4239.9 4215.9 44
11/13/2001 2 3 7.3152 24.0 4239.9 4215.9 12
11/13/2002 2 2 7.3152 24.0 4239.6 4215.6 8
11/15/2002 3 0 7.3152 24.0 4239.6 4215.6 0
6/23/2003 2 16 9.1 29.8 4245 4215.2 64
3/28/2002 3 0 7.62 25.0 4240.1 4215.1 0
7/9/2002 2 76 9.4488 31.0 4245 4214.0 304
8/5/2002 3 0 9.4488 31.0 4244.9 4213.9 0

3/28/2002 3 0 8.2296 27.0 4240.1 4213.1 0
11/13/2002 2 15 8.0772 26.5 4239.6 4213.1 60
9/29/2003 2 5 8.7 28.5 4241.1 4212.6 20
9/17/2001 2 43 9.144 30.0 4242.4 4212.4 172
9/17/2001 2 8 9.144 30.0 4242.4 4212.4 32
9/29/2003 2 9 8.8 28.9 4241.1 4212.2 36
9/9/2002 2 32 9.7536 32.0 4243.4 4211.4 128

10/21/2002 2 18 8.6868 28.5 4239.6 4211.1 72
7/9/2002 2 8 10.3632 34.0 4245 4211.0 32
4/8/2002 2 23 9.7536 32.0 4243 4211.0 92

10/23/2002 3 0 8.8392 29.0 4239.5 4210.5 0
4/16/2003 2 2 10.4 34.1 4244.6 4210.5 8
7/9/2002 2 9 10.668 35.0 4245 4210.0 36

10/17/2001 2 0 9.144 30.0 4239.9 4209.9 0
9/17/2001 2 26 10.0584 33.0 4242.4 4209.4 104
4/8/2002 2 9 10.3632 34.0 4243 4209.0 36
4/8/2002 2 19 10.3632 34.0 4243 4209.0 76

6/23/2003 2 10 11 36.1 4245 4208.9 40
8/14/2002 2 7 11.2776 37.0 4245 4208.0 28

10/21/2002 2 8 9.7536 32.0 4239.6 4207.6 32
4/16/2003 2 2 11.3 37.1 4244.6 4207.5 8
4/16/2003 2 17 11.3 37.1 4244.6 4207.5 68
9/9/2002 2 24 10.9728 36.0 4243.4 4207.4 96

10/21/2002 2 2 9.906 32.5 4239.6 4207.1 8
4/8/2002 2 13 10.9728 36.0 4243 4207.0 52

11/15/2002 3 0 10.0584 33.0 4239.6 4206.6 0
4/8/2002 2 4 11.2776 37.0 4243 4206.0 16

6/24/2003 3 0 11.9 39.0 4245 4206.0 0
11/13/2001 2 34 10.3632 34.0 4239.9 4205.9 136
11/13/2002 2 36 10.3632 34.0 4239.6 4205.6 144
9/29/2003 2 15 11 36.1 4241.1 4205.0 60
7/9/2002 2 2 12.192 40.0 4245 4205.0 8

11/13/2001 2 4 10.668 35.0 4239.9 4204.9 16
5/28/2002 2 8 12.192 40.0 4244.8 4204.8 32
5/28/2002 2 2 12.192 40.0 4244.8 4204.8 8
8/28/2001 2 2 12 39.4 4243.9 4204.5 8
6/24/2003 3 0 12.5 41.0 4245 4204.0 0
6/23/2003 2 2 12.5 41.0 4245 4204.0 8

11/13/2002 2 2 10.9728 36.0 4239.6 4203.6 8
9/17/2001 2 14 11.8872 39.0 4242.4 4203.4 56

10/17/2001 2 9 11.2776 37.0 4239.9 4202.9 36
11/15/2002 3 0 11.2776 37.0 4239.6 4202.6 0
5/28/2002 2 11 13.4112 44.0 4244.8 4200.8 44



8/14/2002 2 1 13.716 45.0 4245 4200.0 4
4/16/2003 2 9 14 45.9 4244.6 4198.7 36
8/28/2001 2 10 14.3256 47.0 4243.9 4196.9 40









date live UV depth (m) depth (ft) River Stage Diff. to Low Stage (ft) Death Zone (+/-) UV Mort. UV live
5/30/2002 0 0.1524 0.50 5.96 3.95 -3.45 0.00 0
5/30/2002 3 0.6096 2.00 5.96 3.95 -1.95 3.00 0
5/30/2002 21 1.524 5.00 5.96 3.95 1.05 0.00 21
5/30/2002 12 1.524 5.00 5.96 3.95 1.05 0.00 12
5/30/2002 1 1.6764 5.50 5.96 3.95 1.55 0.00 1
5/30/2002 22 1.8288 6.00 5.96 3.95 2.05 0.00 22
5/30/2002 0 2.1336 7.00 5.96 3.95 3.05 0.00 0
5/30/2002 0 2.4384 8.00 5.96 3.95 4.05 0.00 0
5/30/2002 0 2.7432 9.00 5.96 3.95 5.05 0.00 0
5/30/2002 0 3.3528 11.00 5.96 3.95 7.05 0.00 0
5/30/2002 13 3.9624 13.00 5.96 3.95 9.05 0.00 13
5/30/2002 1 4.572 15.00 5.96 3.95 11.05 0.00 1
5/30/2002 0 5.7912 19.00 5.96 3.95 15.05 0.00 0
5/30/2002 0 5.7912 19.00 5.96 3.95 15.05 0.00 0
5/30/2002 0 5.7912 19.00 5.96 3.95 15.05 0.00 0
5/30/2002 0 5.7912 19.00 5.96 3.95 15.05 0.00 0
7/10/2002 1 0.3048 1.00 6.32 4.31 -3.31 1.00 0
7/10/2002 0 0.762 2.50 6.32 4.31 -1.81 0.00 0
7/10/2002 7 0.9144 3.00 6.32 4.31 -1.31 7.00 0
7/10/2002 0 0.9144 3.00 6.32 4.31 -1.31 0.00 0
7/10/2002 56 1.2192 4.00 6.32 4.31 -0.31 56.00 0
7/10/2002 76 1.2192 4.00 6.32 4.31 -0.31 76.00 0
7/10/2002 16 1.524 5.00 6.32 4.31 0.69 0.00 16
7/10/2002 73 1.8288 6.00 6.32 4.31 1.69 0.00 73
7/10/2002 13 1.8288 6.00 6.32 4.31 1.69 0.00 13
7/10/2002 0 2.7432 9.00 6.32 4.31 4.69 0.00 0
7/10/2002 0 3.048 10.00 6.32 4.31 5.69 0.00 0
7/10/2002 0 3.3528 11.00 6.32 4.31 6.69 0.00 0
7/10/2002 0 3.3528 11.00 6.32 4.31 6.69 0.00 0
7/10/2002 0 4.2672 14.00 6.32 4.31 9.69 0.00 0
7/10/2002 3 5.1816 17.00 6.32 4.31 12.69 0.00 3
7/10/2002 0 8.2296 26.99 6.32 4.31 22.68 0.00 0
8/12/2002 2 0.5 1.50 6.19 4.18 -2.68 2.00 0
8/12/2002 3 0.8 2.50 6.19 4.18 -1.68 3.00 0
8/12/2002 23 0.9 3.00 6.19 4.18 -1.18 23.00 0
8/12/2002 153 1.2 4.00 6.19 4.18 -0.18 153.00 0
8/12/2002 84 1.2 4.00 6.19 4.18 -0.18 84.00 0
8/12/2002 62 1.4 4.50 6.19 4.18 0.32 0.00 62
8/12/2002 187 1.5 5.00 6.19 4.18 0.82 0.00 187
8/12/2002 126 2.1 7.00 6.19 4.18 2.82 0.00 126
8/12/2002 7 2.1 7.00 6.19 4.18 2.82 0.00 7
8/12/2002 0 2.7 9.00 6.19 4.18 4.82 0.00 0
8/12/2002 0 2.7 9.00 6.19 4.18 4.82 0.00 0
8/12/2002 0 2.9 9.50 6.19 4.18 5.32 0.00 0
8/12/2002 0 3.0 10.00 6.19 4.18 5.82 0.00 0
8/12/2002 0 3.0 10.00 6.19 4.18 5.82 0.00 0
8/12/2002 0 3.4 11.00 6.19 4.18 6.82 0.00 0
8/12/2002 0 3.5 11.50 6.19 4.18 7.32 0.00 0

Neeley Reach: Vista only



9/16/2002 0 0.1 0.30 5.50 3.49 -3.19 0.00 0
9/16/2002 0 0.1 0.30 5.50 3.49 -3.19 0.00 0
9/16/2002 36 0.9 3.00 5.50 3.49 -0.49 36.00 0
9/16/2002 8 1.4 4.50 5.50 3.49 1.01 0.00 8
9/16/2002 2 1.4 4.50 5.50 3.49 1.01 0.00 2
9/16/2002 0 1.8 6.00 5.50 3.49 2.51 0.00 0
9/16/2002 0 2.1 7.00 5.50 3.49 3.51 0.00 0
9/16/2002 4 2.3 7.50 5.50 3.49 4.01 0.00 4
9/16/2002 0 3.8 12.50 5.50 3.49 9.01 0.00 0
9/16/2002 0 4.0 13.00 5.50 3.49 9.51 0.00 0
9/16/2002 1 4.6 15.00 5.50 3.49 11.51 0.00 1
9/16/2002 0 4.7 15.50 5.50 3.49 12.01 0.00 0
9/16/2002 0 5.5 18.00 5.50 3.49 14.51 0.00 0
9/16/2002 0 5.8 19.00 5.50 3.49 15.51 0.00 0
9/16/2002 0 6.1 19.99 5.50 3.49 16.50 0.00 0
9/16/2002 0 6.2 20.49 5.50 3.49 17.00 0.00 0
9/24/2002 14 0.0 0.00 4.91 2.90 -2.90 14.00 0
9/24/2002 6 0.3 1.00 4.91 2.90 -1.90 6.00 0
9/24/2002 0 0.3 1.00 4.91 2.90 -1.90 0.00 0
9/24/2002 336 0.5 1.50 4.91 2.90 -1.40 336.00 0
9/24/2002 116 0.6 2.00 4.91 2.90 -0.90 116.00 0
9/24/2002 75 0.6 2.00 4.91 2.90 -0.90 75.00 0
9/24/2002 8 1.1 3.50 4.91 2.90 0.60 0.00 8
9/24/2002 534 1.2 4.00 4.91 2.90 1.10 0.00 534
9/24/2002 26 1.8 6.00 4.91 2.90 3.10 0.00 26
9/24/2002 0 2.3 7.50 4.91 2.90 4.60 0.00 0
9/24/2002 0 2.3 7.50 4.91 2.90 4.60 0.00 0
9/24/2002 0 2.6 8.50 4.91 2.90 5.60 0.00 0
9/24/2002 0 2.9 9.50 4.91 2.90 6.60 0.00 0
9/24/2002 0 2.9 9.50 4.91 2.90 6.60 0.00 0
9/24/2002 0 3.5 11.50 4.91 2.90 8.60 0.00 0
9/24/2002 0 3.8 12.50 4.91 2.90 9.60 0.00 0
5/29/2003 0 0.3 0.98 6.16 3.98 -3.00 0.00 0
5/29/2003 645 0.9 2.95 6.16 3.98 -1.03 645.00 0
5/29/2003 0 0.9 2.95 6.16 3.98 -1.03 0.00 0
5/29/2003 0 0.9 2.95 6.16 3.98 -1.03 0.00 0
5/29/2003 24 0.9 2.95 6.16 3.98 -1.03 24.00 0
5/29/2003 0 1 3.28 6.16 3.98 -0.70 0.00 0
5/29/2003 64 1.1 3.61 6.16 3.98 -0.37 64.00 0
5/29/2003 20 1.1 3.61 6.16 3.98 -0.37 20.00 0
5/29/2003 18 1.3 4.26 6.16 3.98 0.28 0.00 18
5/29/2003 246 1.7 5.58 6.16 3.98 1.60 0.00 246
5/29/2003 102 2.2 7.22 6.16 3.98 3.24 0.00 102
5/29/2003 0 2.3 7.54 6.16 3.98 3.56 0.00 0
5/29/2003 0 2.6 8.53 6.16 3.98 4.55 0.00 0
5/29/2003 43 2.8 9.18 6.16 3.98 5.20 0.00 43
5/29/2003 0 5.5 18.04 6.16 3.98 14.06 0.00 0
5/29/2003 0 6 19.68 6.16 3.98 15.70 0.00 0

8/4/2003 0 0.3 0.98 6.46 4.28 -3.30 0.00 0
8/4/2003 0 0.3 0.98 6.46 4.28 -3.30 0.00 0
8/4/2003 1 0.6 1.97 6.46 4.28 -2.31 1.00 0



8/4/2003 23 0.9 2.95 6.46 4.28 -1.33 23.00 0
8/4/2003 19 1.4 4.59 6.46 4.28 0.31 0.00 19
8/4/2003 74 1.6 5.25 6.46 4.28 0.97 0.00 74
8/4/2003 11 1.6 5.25 6.46 4.28 0.97 0.00 11
8/4/2003 139 1.8 5.90 6.46 4.28 1.62 0.00 139
8/4/2003 1 2.5 8.20 6.46 4.28 3.92 0.00 1
8/4/2003 0 2.8 9.18 6.46 4.28 4.90 0.00 0
8/4/2003 0 2.9 9.51 6.46 4.28 5.23 0.00 0
8/4/2003 0 3 9.84 6.46 4.28 5.56 0.00 0
8/4/2003 0 3 9.84 6.46 4.28 5.56 0.00 0
8/4/2003 11 3.1 10.17 6.46 4.28 5.89 0.00 11
8/4/2003 0 3.1 10.17 6.46 4.28 5.89 0.00 0
8/4/2003 0 3.4 11.15 6.46 4.28 6.87 0.00 0

1768.00 1804
=49.5% =50.5%

Total live snails=  3572



 



Bureau of Reclamation Pacific Northwest Region Hydromet Program 

AMFI == Snake River at Neeley, ID 

Provisional Data - Subject to Change 
 

DATE GD QD 
05/01/2002 5.11 6440.00 
05/02/2002 5.20 6830.00 
05/03/2002 5.33 7330.00 
05/04/2002 5.47 7870.00 
05/05/2002 5.52 8070.00 
05/06/2002 5.58 8280.00 
05/07/2002 5.63 8460.00 
05/08/2002 5.59 8330.00 
05/09/2002 5.54 8110.00 
05/10/2002 5.53 8040.00 
05/11/2002 5.52 8030.00 
05/12/2002 5.51 7970.00 
05/13/2002 5.58 8230.00 
05/14/2002 5.68 8570.00 
05/15/2002 5.73 8780.00 
05/16/2002 5.73 8770.00 
05/17/2002 5.78 8960.00 
05/18/2002 5.86 9260.00 
05/19/2002 5.85 9230.00 
05/20/2002 5.84 9190.00 
05/21/2002 5.82 9120.00 
05/22/2002 5.80 9030.00 
05/23/2002 5.69 8620.00 
05/24/2002 5.56 8130.00 
05/25/2002 5.46 7750.00 
05/26/2002 5.50 7930.00 
05/27/2002 5.54 8090.00 
05/28/2002 5.61 8310.00 
05/29/2002 5.75 8850.00 
05/30/2002 5.96 9660.00 
05/31/2002 6.06 9990.00 
06/01/2002 6.00 9800.00 
06/02/2002 5.96 9650.00 
06/03/2002 5.94 9580.00 
06/04/2002 5.92 9490.00 
06/05/2002 5.91 9470.00 
06/06/2002 5.89 9380.00 

DATE GD QD 
06/07/2002 5.90 9440.00 
06/08/2002 5.91 9470.00 
06/09/2002 5.90 9430.00 
06/10/2002 5.90 9400.00 
06/11/2002 5.88 9340.00 
06/12/2002 5.88 9320.00 
06/13/2002 5.92 9480.00 
06/14/2002 6.06 10000.00 
06/15/2002 6.10 10200.00 
06/16/2002 6.16 10400.00 
06/17/2002 6.23 10700.00 
06/18/2002 6.23 10800.00 
06/19/2002 6.28 10900.00 
06/20/2002 6.31 11100.00 
06/21/2002 6.31 11100.00 
06/22/2002 6.30 11000.00 
06/23/2002 6.30 11000.00 
06/24/2002 6.30 11000.00 
06/25/2002 6.40 11400.00 
06/26/2002 6.47 11700.00 
06/27/2002 6.46 11700.00 
06/28/2002 6.46 11700.00 
06/29/2002 6.47 11700.00 
06/30/2002 6.45 11700.00 
07/01/2002 6.46 11700.00 
07/02/2002 6.43 11500.00 
07/03/2002 6.37 11300.00 
07/04/2002 6.31 11000.00 
07/05/2002 6.33 11100.00 
07/06/2002 6.34 11100.00 
07/07/2002 6.36 11200.00 
07/08/2002 6.37 11200.00 
07/09/2002 6.36 11200.00 
07/10/2002 6.32 11000.00 
07/11/2002 6.29 10900.00 
07/12/2002 6.32 11000.00 
07/13/2002 6.36 11200.00 

DATE GD QD 
07/14/2002 6.38 11300.00 
07/15/2002 6.41 11400.00 
07/16/2002 6.41 11400.00 
07/17/2002 6.36 11100.00 
07/18/2002 6.30 10800.00 
07/19/2002 6.27 10600.00 
07/20/2002 6.28 10500.00 
07/21/2002 6.29 10600.00 
07/22/2002 6.29 10500.00 
07/23/2002 6.29 10400.00 
07/24/2002 6.30 10400.00 
07/25/2002 6.30 10300.00 
07/26/2002 6.31 10300.00 
07/27/2002 6.32 10300.00 
07/28/2002 6.32 10300.00 
07/29/2002 6.33 10200.00 
07/30/2002 6.34 10200.00 
07/31/2002 6.33 10200.00 
08/01/2002 6.36 10400.00 
08/02/2002 6.38 10500.00 
08/03/2002 6.39 10600.00 
08/04/2002 6.37 10500.00 
08/05/2002 6.37 10500.00 
08/06/2002 6.37 10500.00 
08/07/2002 6.38 10600.00 
08/08/2002 6.37 10600.00 
08/09/2002 6.33 10400.00 
08/10/2002 6.25 10100.00 
08/11/2002 6.19 9830.00 
08/12/2002 6.19 9830.00 
08/13/2002 6.17 9800.00 
08/14/2002 6.13 9650.00 
08/15/2002 6.14 9730.00 
08/16/2002 6.16 9810.00 
08/17/2002 6.15 9770.00 
08/18/2002 6.13 9690.00 
08/19/2002 6.07 9420.00 



DATE GD QD 
08/20/2002 6.06 9420.00 
08/21/2002 6.06 9410.00 
08/22/2002 6.05 9390.00 
08/23/2002 6.05 9360.00 
08/24/2002 6.05 9370.00 
08/25/2002 6.05 9350.00 
08/26/2002 6.04 9310.00 
08/27/2002 5.99 9170.00 
08/28/2002 5.81 8470.00 
08/29/2002 5.99 9150.00 
08/30/2002 6.02 9310.00 
08/31/2002 6.03 9350.00 
09/01/2002 5.96 9030.00 
09/02/2002 5.93 8870.00 
09/03/2002 5.90 8740.00 
09/04/2002 5.77 8270.00 
09/05/2002 5.70 7980.00 
09/06/2002 5.71 7990.00 
09/07/2002 5.71 8010.00 
09/08/2002 5.70 7970.00 
09/09/2002 5.63 7700.00 
09/10/2002 5.51 7220.00 
09/11/2002 5.51 7260.00 
09/12/2002 5.51 7230.00 
09/13/2002 5.52 7260.00 
09/14/2002 5.52 7270.00 
09/15/2002 5.52 7280.00 
09/16/2002 5.50 7230.00 
09/17/2002 5.45 7080.00 
09/18/2002 5.42 7010.00 
09/19/2002 5.33 6660.00 
09/20/2002 5.12 5860.00 
09/21/2002 4.96 5280.00 
09/22/2002 4.91 5080.00 
09/23/2002 4.89 4990.00 
09/24/2002 4.91 5090.00 
09/25/2002 4.95 5250.00 
09/26/2002 4.96 5280.00 
09/27/2002 4.93 5190.00 
09/28/2002 4.90 5090.00 
09/29/2002 4.90 5080.00 
09/30/2002 4.90 5070.00 

DATE GD QD 
10/01/2002 4.83 4800.00 
10/02/2002 4.69 4260.00 
10/03/2002 4.63 4060.00 
10/04/2002 4.64 4080.00 
10/05/2002 4.64 4080.00 
10/06/2002 4.63 4070.00 
10/07/2002 4.63 4070.00 
10/08/2002 4.63 4070.00 
10/09/2002 4.55 3780.00 
10/10/2002 4.14 2670.00 
10/11/2002 3.88 1990.00 
10/12/2002 3.77 1790.00 
10/13/2002 3.57 1460.00 
10/14/2002 2.96 870.00 
10/15/2002 2.19 351.00 
10/16/2002 2.05 293.00 
10/17/2002 2.08 305.00 
10/18/2002 2.03 287.00 
10/19/2002 2.01 280.00 
10/20/2002 2.02 282.00 
10/21/2002 2.03 289.00 
10/22/2002 2.11 320.00 
10/23/2002 2.24 376.00 
10/24/2002 2.30 405.00 
10/25/2002 2.31 409.00 
10/26/2002 2.30 407.00 
10/27/2002 2.31 410.00 
10/28/2002 2.32 413.00 
10/29/2002 2.32 413.00 
10/30/2002 2.32 415.00 
10/31/2002 2.32 416.00 
11/01/2002 2.33 419.00 
11/02/2002 2.33 422.00 
11/03/2002 2.33 420.00 
11/04/2002 2.32 416.00 
11/05/2002 2.32 416.00 
11/06/2002 2.27 404.00 
11/07/2002 2.23 370.00 
11/08/2002 2.25 378.00 
11/09/2002 2.24 378.00 
11/10/2002 2.25 378.00 
11/11/2002 2.25 380.00 

DATE GD QD 
11/12/2002 2.26 382.00 
11/13/2002 2.26 385.00 
11/14/2002 2.26 386.00 
11/15/2002 2.27 388.00 
11/16/2002 2.27 389.00 
11/17/2002 2.28 394.00 
11/18/2002 2.28 394.00 
11/19/2002 2.28 397.00 
11/20/2002 2.25 391.00 
11/21/2002 2.28 382.00 
11/22/2002 2.32 414.00 
11/23/2002 2.31 411.00 
11/24/2002 2.31 412.00 
11/25/2002 2.32 413.00 
11/26/2002 2.32 415.00 
11/27/2002 2.32 417.00 
11/28/2002 2.33 419.00 
11/29/2002 2.33 420.00 
11/30/2002 2.33 420.00 
12/01/2002 2.33 422.00 
12/02/2002 2.30 408.00 
12/03/2002 2.23 372.00 
12/04/2002 2.23 372.00 
12/05/2002 2.23 373.00 
12/06/2002 2.23 374.00 
12/07/2002 2.24 376.00 
12/08/2002 2.24 377.00 
12/09/2002 2.25 381.00 
12/10/2002 2.23 370.00 
12/11/2002 2.23 373.00 
12/12/2002 2.23 373.00 
12/13/2002 2.23 374.00 
12/14/2002 2.24 375.00 
12/15/2002 2.24 375.00 
12/16/2002 2.24 378.00 
12/17/2002 2.24 376.00 
12/18/2002 2.24 376.00 
12/19/2002 2.24 376.00 
12/20/2002 2.24 377.00 
12/21/2002 2.24 379.00 
12/22/2002 2.25 379.00 
12/23/2002 2.25 380.00 



DATE GD QD 
12/24/2002 2.25 381.00 
12/25/2002 2.25 381.00 
12/26/2002 2.25 382.00 
12/27/2002 2.21 363.00 
12/28/2002 2.17 346.00 
12/29/2002 2.17 345.00 
12/30/2002 2.17 345.00 
12/31/2002 2.18 351.00 
01/01/2003 2.17 346.00 
01/02/2003 2.18 348.00 
01/03/2003 2.18 349.00 
01/04/2003 2.18 349.00 
01/05/2003 2.18 351.00 
01/06/2003 2.21 363.00 
01/07/2003 2.24 376.00 
01/08/2003 2.24 377.00 
01/09/2003 2.24 377.00 
01/10/2003 2.24 377.00 
01/11/2003 2.24 378.00 
01/12/2003 2.25 381.00 
01/13/2003 2.25 383.00 
01/14/2003 2.23 370.00 
01/15/2003 2.23 372.00 
01/16/2003 2.23 371.00 
01/17/2003 2.23 372.00 
01/18/2003 2.23 373.00 
01/19/2003 2.23 374.00 
01/20/2003 2.24 375.00 
01/21/2003 2.24 376.00 
01/22/2003 2.24 377.00 
01/23/2003 2.25 379.00 
01/24/2003 2.24 377.00 
01/25/2003 2.24 378.00 
01/26/2003 2.25 381.00 
01/27/2003 2.25 382.00 
01/28/2003 2.25 381.00 
01/29/2003 2.26 384.00 
01/30/2003 2.29 401.00 
01/31/2003 2.26 384.00 
02/01/2003 2.26 385.00 
02/02/2003 2.26 385.00 
02/03/2003 2.26 385.00 

DATE GD QD 
02/04/2003 2.32 415.00 
02/05/2003 2.29 400.00 
02/06/2003 2.29 400.00 
02/07/2003 2.29 400.00 
02/08/2003 2.29 400.00 
02/09/2003 2.29 402.00 
02/10/2003 2.30 405.00 
02/11/2003 2.30 403.00 
02/12/2003 2.30 403.00 
02/13/2003 2.30 405.00 
02/14/2003 2.30 405.00 
02/15/2003 2.30 404.00 
02/16/2003 2.30 405.00 
02/17/2003 2.30 404.00 
02/18/2003 2.30 404.00 
02/19/2003 2.34 424.00 
02/20/2003 2.34 425.00 
02/21/2003 2.34 426.00 
02/22/2003 2.34 427.00 
02/23/2003 2.34 427.00 
02/24/2003 2.34 425.00 
02/25/2003 2.34 425.00 
02/26/2003 2.34 426.00 
02/27/2003 2.34 426.00 
02/28/2003 2.31 411.00 
03/01/2003 2.27 391.00 
03/02/2003 2.27 392.00 
03/03/2003 2.28 395.00 
03/04/2003 2.28 394.00 
03/05/2003 2.29 399.00 
03/06/2003 2.29 400.00 
03/07/2003 2.29 400.00 
03/08/2003 2.29 403.00 
03/09/2003 2.29 403.00 
03/10/2003 2.30 406.00 
03/11/2003 2.30 406.00 
03/12/2003 2.31 410.00 
03/13/2003 2.30 406.00 
03/14/2003 2.31 408.00 
03/15/2003 2.32 414.00 
03/16/2003 2.32 414.00 
03/17/2003 2.31 412.00 

DATE GD QD 
03/18/2003 2.31 412.00 
03/19/2003 2.31 412.00 
03/20/2003 2.32 412.00 
03/21/2003 2.32 414.00 
03/22/2003 2.32 414.00 
03/23/2003 2.32 415.00 
03/24/2003 2.32 414.00 
03/25/2003 2.32 414.00 
03/26/2003 2.32 416.00 
03/27/2003 2.32 415.00 
03/28/2003 2.32 415.00 
03/29/2003 2.32 415.00 
03/30/2003 2.32 416.00 
03/31/2003 2.97 961.00 
04/01/2003 3.82 2010.00 
04/02/2003 4.01 2400.00 
04/03/2003 3.99 2370.00 
04/04/2003 4.05 2500.00 
04/05/2003 4.05 2500.00 
04/06/2003 4.05 2500.00 
04/07/2003 4.22 2990.00 
04/08/2003 4.41 3530.00 
04/09/2003 4.41 3520.00 
04/10/2003 4.40 3510.00 
04/11/2003 4.49 3790.00 
04/12/2003 4.59 4130.00 
04/13/2003 4.59 4130.00 
04/14/2003 4.58 4100.00 
04/15/2003 4.58 4100.00 
04/16/2003 4.57 4050.00 
04/17/2003 4.58 4080.00 
04/18/2003 4.56 4040.00 
04/19/2003 4.56 4040.00 
04/20/2003 4.49 3790.00 
04/21/2003 4.37 3400.00 
04/22/2003 4.35 3340.00 
04/23/2003 4.41 3530.00 
04/24/2003 4.48 3770.00 
04/25/2003 4.65 4340.00 
04/26/2003 4.76 4740.00 
04/27/2003 4.75 4700.00 
04/28/2003 4.76 4730.00 



DATE GD QD 
04/29/2003 4.88 5190.00 
04/30/2003 5.04 5800.00 
05/01/2003 5.04 5790.00 
05/02/2003 5.03 5760.00 
05/03/2003 5.03 5760.00 
05/04/2003 5.03 5760.00 
05/05/2003 5.08 5940.00 
05/06/2003 5.11 6060.00 
05/07/2003 5.11 6060.00 
05/08/2003 5.11 6060.00 
05/09/2003 5.18 6340.00 
05/10/2003 5.26 6640.00 
05/11/2003 5.26 6630.00 
05/12/2003 5.17 6290.00 
05/13/2003 5.05 5830.00 
05/14/2003 5.07 5920.00 
05/15/2003 5.32 6850.00 
05/16/2003 5.43 7270.00 
05/17/2003 5.59 7880.00 
05/18/2003 5.67 8230.00 
05/19/2003 5.73 8440.00 
05/20/2003 5.72 8410.00 
05/21/2003 5.68 8210.00 
05/22/2003 5.73 8420.00 
05/23/2003 5.91 9120.00 
05/24/2003 6.08 9870.00 
05/25/2003 6.13 10000.00 
05/26/2003 6.12 10000.00 
05/27/2003 6.12 9940.00 
05/28/2003 6.13 9980.00 
05/29/2003 6.16 10100.00 
05/30/2003 6.20 10200.00 
05/31/2003 6.19 10200.00 
06/01/2003 6.22 10300.00 
06/02/2003 6.37 11000.00 
06/03/2003 6.49 11400.00 
06/04/2003 6.40 11000.00 
06/05/2003 6.20 10100.00 
06/06/2003 6.08 9550.00 
06/07/2003 6.12 9670.00 
06/08/2003 6.06 9510.00 
06/09/2003 6.46 11200.00 

DATE GD QD 
06/10/2003 6.46 11200.00 
06/11/2003 6.45 11100.00 
06/12/2003 6.46 11100.00 
06/13/2003 6.46 11100.00 
06/14/2003 6.42 10900.00 
06/15/2003 6.46 11000.00 
06/16/2003 6.55 11400.00 
06/17/2003 6.72 12200.00 
06/18/2003 6.77 12400.00 
06/19/2003 6.74 12200.00 
06/20/2003 6.60 11600.00 
06/21/2003 6.59 11500.00 
06/22/2003 6.58 11500.00 
06/23/2003 6.49 11100.00 
06/24/2003 6.42 10800.00 
06/25/2003 6.39 10600.00 
06/26/2003 6.39 10600.00 
06/27/2003 6.45 10900.00 
06/28/2003 6.49 11100.00 
06/29/2003 6.49 11100.00 
06/30/2003 6.52 11200.00 
07/01/2003 6.58 11500.00 
07/02/2003 6.46 10900.00 
07/03/2003 6.38 10600.00 
07/04/2003 6.38 10600.00 
07/05/2003 6.45 10900.00 
07/06/2003 6.53 11300.00 
07/07/2003 6.55 11300.00 
07/08/2003 6.55 11300.00 
07/09/2003 6.56 11400.00 
07/10/2003 6.53 11200.00 
07/11/2003 6.49 11100.00 
07/12/2003 6.51 11100.00 
07/13/2003 6.54 11300.00 
07/14/2003 6.61 11600.00 
07/15/2003 6.62 11700.00 
07/16/2003 6.57 11400.00 
07/17/2003 6.54 11300.00 
07/18/2003 6.54 11300.00 
07/19/2003 6.54 11300.00 
07/20/2003 6.55 11300.00 
07/21/2003 6.56 11400.00 

DATE GD QD 
07/22/2003 6.56 11400.00 
07/23/2003 6.57 11400.00 
07/24/2003 6.61 11600.00 
07/25/2003 6.64 11800.00 
07/26/2003 6.61 11600.00 
07/27/2003 6.48 11000.00 
07/28/2003 6.38 10600.00 
07/29/2003 6.38 10600.00 
07/30/2003 6.41 10700.00 
07/31/2003 6.57 11400.00 
08/01/2003 6.64 11700.00 
08/02/2003 6.65 11800.00 
08/03/2003 6.66 11900.00 
08/04/2003 6.46 10900.00 
08/05/2003 6.26 10000.00 
08/06/2003 6.18 9680.00 
08/07/2003 6.18 9670.00 
08/08/2003 6.16 9580.00 
08/09/2003 6.15 9560.00 
08/10/2003 6.31 10200.00 
08/11/2003 6.40 10700.00 
08/12/2003 6.40 10600.00 
08/13/2003 6.37 10500.00 
08/14/2003 6.35 10400.00 
08/15/2003 6.31 10300.00 
08/16/2003 6.22 9880.00 
08/17/2003 6.22 9930.00 
08/18/2003 6.25 10100.00 
08/19/2003 6.25 10100.00 
08/20/2003 6.28 10300.00 
08/21/2003 6.27 10200.00 
08/22/2003 6.27 10200.00 
08/23/2003 6.20 9930.00 
08/24/2003 6.09 9490.00 
08/25/2003 5.89 8670.00 
08/26/2003 5.82 8400.00 
08/27/2003 5.83 8440.00 
08/28/2003 5.81 8420.00 
08/29/2003 5.81 8400.00 
08/30/2003 5.81 8440.00 
08/31/2003 5.80 8430.00 



date site code
American Falls Res. data sorted by depth. [BOR Hydromet]

depth (ft) depth (m) Res. Elev. Sample Elev. (UV live Live UV per m2 
6/7/2002 AFP46 5 1.524 4343.5 4338.5 0 0

6/12/2002 afp123 3 0.9144 4342.3 4339.3 0 0
6/13/2002 AFP184 3 0.9144 4342.1 4339.1 0 0
6/13/2002 AFA32 3.5 1.0668 4342.1 4338.6 0 0
6/13/2002 AFP180 3.5 1.0668 4342.1 4338.6 0 0
6/8/2002 AFP08 4 1.2192 4343.1 4339.1 0 0
6/8/2002 AFP4 4 1.2192 4343.1 4339.1 0 0
6/9/2002 AFA102 4 1.2192 4343 4339 0 0

6/12/2002 afp124 4 1.2192 4342.3 4338.3 0 0
6/12/2002 AFP125 4 1.2192 4342.3 4338.3 0 0
6/12/2002 AFP155 4 1.2192 4342.3 4338.3 0 0
6/12/2002 AFP165 4.5 1.3716 4342.3 4337.8 0 0
6/12/2002 AFP111 5 1.524 4342.3 4337.3 0 0
6/12/2002 AFP112 5 1.524 4342.3 4337.3 0 0
6/13/2002 AFP181 5.5 1.6764 4342.1 4336.6 0 0
6/12/2002 AFP156 6 1.8288 4342.3 4336.3 0 0
6/12/2002 afr07 6 1.8288 4342.3 4336.3 0 0
6/13/2002 AFP174 6 1.8288 4342.1 4336.1 0 0
6/13/2002 AFP175 6.5 1.9812 4342.1 4335.6 0 0
6/7/2002 afr01 7 2.1336 4343.5 4336.5 0 0
6/8/2002 afr02 7 2.1336 4343.1 4336.1 0 0

6/12/2002 AFP126 7 2.1336 4342.3 4335.3 0 0
6/12/2002 AFP127 7 2.1336 4342.3 4335.3 0 0
6/12/2002 AFP140 7 2.1336 4342.3 4335.3 0 0
6/12/2002 AFP141 7 2.1336 4342.3 4335.3 0 0
6/12/2002 AFP157 7 2.1336 4342.3 4335.3 0 0
6/12/2002 AFP166 7 2.1336 4342.3 4335.3 0 0
6/12/2002 AFP167 7.5 2.286 4342.3 4334.8 0 0
6/7/2002 AFP74 8 2.4384 4343.5 4335.5 0 0
6/7/2002 AFP75 8 2.4384 4343.5 4335.5 0 0

6/12/2002 AFP102 8 2.4384 4342.3 4334.3 0 0
6/12/2002 AFP103 8 2.4384 4342.3 4334.3 0 0
6/12/2002 AFP142 8 2.4384 4342.3 4334.3 0 0
6/12/2002 AFP168 8 2.4384 4342.3 4334.3 0 0
6/10/2002 AFP147 9 2.7432 4342.7 4333.7 0 0
6/13/2002 AFP114 9 2.7432 4342.1 4333.1 0 0
6/13/2002 AFP176 9 2.7432 4342.1 4333.1 0 0
6/7/2002 AFP81 10 3.048 4343.5 4333.5 0 0

6/13/2002 AFP128 10 3.048 4342.1 4332.1 0 0
6/12/2002 AFP104 11 3.3528 4342.3 4331.3 0 0
6/12/2002 AFP158 11 3.3528 4342.3 4331.3 0 0
6/12/2002 AFP169 11 3.3528 4342.3 4331.3 0 0
6/13/2002 AFP129 11 3.3528 4342.1 4331.1 0 0
6/13/2002 AFP143 11 3.3528 4342.1 4331.1 0 0
6/12/2002 AFP144 11.5 3.5052 4342.3 4330.8 0 0
6/12/2002 AFP159 12 3.6576 4342.3 4330.3 0 0
6/10/2002 AFP160 13 3.9624 4342.7 4329.7 0 0

BOR Data for American Falls Reservoir Utah valvata surveys of 2002.  Analysis by FWS, Snake River Office, 
Boise, Idaho (D. Hopper)



6/10/2002 AFP161 13 3.9624 4342.7 4329.7 0 0
6/13/2002 AFP105 13 3.9624 4342.1 4329.1 0 0
6/13/2002 AFP115 13 3.9624 4342.1 4329.1 0 0
6/13/2002 AFP116 13 3.9624 4342.1 4329.1 0 0
6/13/2002 AFP94 13.5 4.1148 4342.1 4328.6 0 0
6/10/2002 AFP146 14 4.2672 4342.7 4328.7 0 0
6/12/2002 AFP119 14 4.2672 4342.3 4328.3 0 0
6/12/2002 AFP145 14 4.2672 4342.3 4328.3 0 0
6/13/2002 AFP130 14 4.2672 4342.1 4328.1 0 0
6/8/2002 AFA171 16 4.8768 4343.1 4327.1 0 0

6/12/2002 AFP131 16 4.8768 4342.3 4326.3 0 0
6/13/2002 AFP107 16.5 5.0292 4342.1 4325.6 0 0
6/10/2002 AFP80 17 5.1816 4342.7 4325.7 0 0
6/13/2002 AFP117 17 5.1816 4342.1 4325.1 0 0
6/13/2002 AFP88 17 5.1816 4342.1 4325.1 0 0
6/13/2002 AFP106 17.5 5.334 4342.1 4324.6 0 0
6/10/2002 AFP120 19 5.7912 4342.7 4323.7 0 0
6/10/2002 AFP121 19 5.7912 4342.7 4323.7 0 0
6/10/2002 AFP132 19 5.7912 4342.7 4323.7 0 0
6/12/2002 AFP118 19 5.7912 4342.3 4323.3 0 0
6/13/2002 AFA70 19 5.7912 4342.1 4323.1 0 0
6/13/2002 AFP108 19.5 5.9436 4342.1 4322.6 0 0
6/8/2002 AFP5 20 6.096 4343.1 4323.1 0 0

6/10/2002 AFP133 20 6.096 4342.7 4322.7 0 0
6/11/2002 AFP13 20 6.096 4342.5 4322.5 0 0
6/8/2002 AFP1 21 6.4008 4343.1 4322.1 0 0
6/8/2002 AFP28 21 6.4008 4343.1 4322.1 0 0

6/11/2002 AFP96 21 6.4008 4342.5 4321.5 0 0
6/11/2002 AFP97 21 6.4008 4342.5 4321.5 0 0
6/12/2002 AFP109 21 6.4008 4342.3 4321.3 0 0
6/13/2002 AFP95 21 6.4008 4342.1 4321.1 0 0
6/10/2002 AFP110 22 6.7056 4342.7 4320.7 0 0
6/10/2002 AFA104 23 7.0104 4342.7 4319.7 0 0
6/11/2002 AFP83 23 7.0104 4342.5 4319.5 0 0
6/11/2002 AFP89 23 7.0104 4342.5 4319.5 0 0
6/11/2002 AFP90 23 7.0104 4342.5 4319.5 0 0
6/10/2002 AFP101 24 7.3152 4342.7 4318.7 0 0
6/11/2002 AFP82 24 7.3152 4342.5 4318.5 0 0
6/11/2002 AFP98 24 7.3152 4342.5 4318.5 0 0
6/10/2002 AFP100 25 7.62 4342.7 4317.7 0 0
6/10/2002 AFP93 25 7.62 4342.7 4317.7 0 0
6/10/2002 AFP99 25 7.62 4342.7 4317.7 0 0
6/11/2002 AFP91 25 7.62 4342.5 4317.5 0 0
6/9/2002 AFP76 26 7.9248 4343 4317 0 0

6/10/2002 AFP92 26 7.9248 4342.7 4316.7 0 0
6/11/2002 AFP84 26 7.9248 4342.5 4316.5 0 0
6/14/2002 AFA107 26 7.9248 4342.1 4316.1 0 0
6/10/2002 AFA106 27 8.2296 4342.7 4315.7 0 0
6/9/2002 AFP55 28 8.5344 4343 4315 0 0
6/9/2002 AFP69 28 8.5344 4343 4315 0 0
6/9/2002 AFP70 28 8.5344 4343 4315 0 0

6/10/2002 AFP85 28 8.5344 4342.7 4314.7 0 0



6/14/2002 AFA108 28 8.5344 4342.1 4314.1 0 0
6/14/2002 AFA110 28 8.5344 4342.1 4314.1 0 0
6/9/2002 AFP62 29 8.8392 4343 4314 0 0

6/10/2002 AFP78 29 8.8392 4342.7 4313.7 0 0
6/10/2002 AFP79 29 8.8392 4342.7 4313.7 0 0
6/14/2002 AFA115 29 8.8392 4342.1 4313.1 0 0
6/9/2002 AFP24 30 9.144 4343 4313 0 0

6/10/2002 AFP73 30 9.144 4342.7 4312.7 0 0
6/14/2002 AFA117 30 9.144 4342.1 4312.1 0 0
6/9/2002 AFP71 31 9.4488 4343 4312 1 4
6/9/2002 AFP77 31 9.4488 4343 4312 0 0

6/11/2002 AFP72 31 9.4488 4342.5 4311.5 0 0
6/7/2002 AFP39 32 9.7536 4343.5 4311.5 85 340
6/7/2002 AFP67 32 9.7536 4343.5 4311.5 0 0
6/9/2002 AFP63 32 9.7536 4343 4311 0 0
6/9/2002 AFP64 32 9.7536 4343 4311 0 0

6/14/2002 AFA129 32 9.7536 4342.1 4310.1 0 0
6/14/2002 AFA135 32 9.7536 4342.1 4310.1 0 0
6/9/2002 AFP47 33 10.0584 4343 4310 0 0

6/11/2002 AFP66 33 10.0584 4342.5 4309.5 0 0
6/14/2002 AFA124 33 10.0584 4342.1 4309.1 0 0
6/7/2002 AFP68 34 10.3632 4343.5 4309.5 0 0
6/8/2002 afr03 34 10.3632 4343.1 4309.1 0 0
6/9/2002 AFP40 34 10.3632 4343 4309 3 12
6/9/2002 AFP57 34 10.3632 4343 4309 0 0
6/9/2002 AFP65 34 10.3632 4343 4309 1 4

6/14/2002 AFA128 34 10.3632 4342.1 4308.1 0 0
6/14/2002 AFA145 34 10.3632 4342.1 4308.1 0 0
6/7/2002 AFP60 35 10.668 4343.5 4308.5 0 0
6/9/2002 AFP48 35 10.668 4343 4308 0 0
6/9/2002 AFP49 35 10.668 4343 4308 0 0
6/9/2002 AFP50 35 10.668 4343 4308 0 0
6/9/2002 AFP58 35 10.668 4343 4308 0 0
6/7/2002 AFP54 36 10.9728 4343.5 4307.5 0 0
6/7/2002 AFP61 36 10.9728 4343.5 4307.5 0 0
6/8/2002 AFP9 36 10.9728 4343.1 4307.1 0 0
6/9/2002 AFP41 36 10.9728 4343 4307 1 4
6/9/2002 AFP51 36 10.9728 4343 4307 0 0
6/9/2002 AFP59 36 10.9728 4343 4307 3 12

6/14/2002 AFA149 36 10.9728 4342.1 4306.1 6 24
6/8/2002 afr04 37 11.2776 4343.1 4306.1 0 0
6/7/2002 AFP42 38 11.5824 4343.5 4305.5 10 40
6/7/2002 AFP43 38 11.5824 4343.5 4305.5 1 4
6/7/2002 AFP52 38 11.5824 4343.5 4305.5 0 0

6/14/2002 AFA147 38 11.5824 4342.1 4304.1 5 20
6/14/2002 AFA148 38.5 11.7348 4342.1 4303.6 9 36
6/7/2002 AFP35 39 11.8872 4343.5 4304.5 5 20
6/7/2002 AFP45 39 11.8872 4343.5 4304.5 0 0
6/7/2002 AFP53 39 11.8872 4343.5 4304.5 0 0
6/8/2002 afr05 39 11.8872 4343.1 4304.1 21 84
6/7/2002 AFP32 40 12.192 4343.5 4303.5 4 16
6/7/2002 AFP37 40 12.192 4343.5 4303.5 7 28



6/7/2002 AFP44 40 12.192 4343.5 4303.5 3 12
6/11/2002 AFP17 40 12.192 4342.5 4302.5 39 156
6/11/2002 AFP26 41 12.4968 4342.5 4301.5 13 52
6/7/2002 AFP36 42 12.8016 4343.5 4301.5 0 0
6/9/2002 AFP30 42 12.8016 4343 4301 2 8

6/11/2002 AFA162 42 12.8016 4342.5 4300.5 15 60
6/11/2002 AFP27 42 12.8016 4342.5 4300.5 0 0
6/7/2002 AFP31 43 13.1064 4343.5 4300.5 1 4

6/11/2002 AFP19 43 13.1064 4342.5 4299.5 12 48
6/11/2002 AFP22 43 13.1064 4342.5 4299.5 3 12
6/11/2002 AFP23 43 13.1064 4342.5 4299.5 33 132
6/8/2002 AFP10 44 13.4112 4343.1 4299.1 3 12
6/8/2002 AFP16 44 13.4112 4343.1 4299.1 3 12

6/11/2002 AFP15 44 13.4112 4342.5 4298.5 22 88
6/11/2002 AFP20 44 13.4112 4342.5 4298.5 63 252
6/8/2002 AFP11 45 13.716 4343.1 4298.1 14 56
6/8/2002 AFP2 45 13.716 4343.1 4298.1 18 72

6/11/2002 AFP14 45 13.716 4342.5 4297.5 2 8
6/11/2002 AFP18 45 13.716 4342.5 4297.5 8 32
6/8/2002 AFP3 46 14.0208 4343.1 4297.1 23 92
6/8/2002 AFP6 46 14.0208 4343.1 4297.1 4 16

6/11/2002 AFP21 48 14.6304 4342.5 4294.5 2 8
6/8/2002 AFP7 49 14.9352 4343.1 4294.1 14 56
6/8/2002 AFP12 53 16.1544 4343.1 4290.1 0 0



































Bureau of Reclamation Pacific Northwest Region Hydromet Program 

AMF == American Falls Reservoir at American Falls, ID 

Provisional Data - Subject to Change 
 

DATE FB 
06/01/2002 4344.66 
06/02/2002 4344.54 
06/03/2002 4344.28 
06/04/2002 4344.10 
06/05/2002 4343.87 
06/06/2002 4343.69 
06/07/2002 4343.49 
06/08/2002 4343.08 
06/09/2002 4342.95 
06/10/2002 4342.66 
06/11/2002 4342.53 
06/12/2002 4342.34 
06/13/2002 4342.11 
06/14/2002 4341.83 
06/15/2002 4341.50 
06/16/2002 4341.17 
06/17/2002 4340.82 
06/18/2002 4340.44 
06/19/2002 4340.23 
06/20/2002 4339.93 
06/21/2002 4339.65 
06/22/2002 4339.42 
06/23/2002 4339.18 
06/24/2002 4338.90 
06/25/2002 4338.59 
06/26/2002 4338.30 
06/27/2002 4337.85 
06/28/2002 4337.43 
06/29/2002 4336.95 
06/30/2002 4336.47 
07/01/2002 4335.93 
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